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(54) Optical compensatory sheet and liquid crystal display 

(57) An optical compensatory sheet comprises a 
cellulose ester support and an optically anisotropic 
layer- The optically anisotropic layer contains a discotic 
liquid crystal molecule. The cellulose ester support has 
a Rth^^^ retardation value in the range of 70 to 400 nm. 



CM 
< 

CD 
ID 
CO 



o 

CL 
LU 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



SDOCID: <EP 091 1656A2_l_> 



EP0 911 656 A2 



Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to an optical compensatory sheet comprising a cellulose ester support and an 
optically anisotropic layer containing a discotic liquid crystal molecule. The invention also relates to a liquid crystal dis- 
play using the optical compensatory sheet. 

BACKGROUND OF THE INVENTION 

10 

[0002] A cellulose ester film, particularly a cellulose acetate film is used in various photographic or optical elements 
because it has tough and enough flame retardant properties. The cellulose ester film is used in a liquid crystal display 
(LCD). The cellulose ester film has a high optical Isotropy (a low retardation value) compared with other polymer films. 
Accordingly, the cellulose ester film is usually used as an optical element requiring an optical isotropy, such as a pro- 
15 tective film of a polarizing element or a color filter. 

[0003] On the other hand, an optical compensatory sheet requires a high optical anisotropy (a high retardation value). 
Accordingly, a synthetic polymer film having a high retardation value, such as a polycarbonate film or a polysulfone film 
is usually used as the optical compensatory sheet. 

[0004] Japanese Patent Provisional Publication Nos. 3(1991)-9325, 6(1 994) -148429, 8(1996)-50206, 9(1997)-26572. 

20 U.S. Patent Nos. 5.583,679 and 5,646.703 disclose another optical compensatory sheet, which comprises a transpar- 
ent support and an optically anisotropic layer containing a discotic liquid crystal molecule. The high retardation value of 
the optical compensatory sheet is obtained by the optically anisotropic layer containing the discotic liquid crystal mole- 
cule. A cellulose ester film is usually used as the transparent support, because the support preferably has a high optical 
isotropy (a low retardation value). 

25 [0005] The above-mentioned optical compensatory sheet using the discotic liquid crystal molecule has usually been 
constructed to optically compensate a liquid crystal cell of a twisted nematic (TN) mode, which is used in a TFT liquid 
crystal display. If the optical compensatory sheet is used for a liquid crystal cell of another mode, such as a veritably 
aligned (VA) mode, an optically compensatory bend (OCB) mode or a hybrid aligned nematic (HAN) mode, the sheet 
cannot completely compensate the cell. 

30 [0006] The optically anisotropic layer containing the discotic liquid crystal molecule can be used in combination with 
an optically anisotropic support. The optical anisotropy of the layer is combined with the optical anisotropy of the sup- 
port to optically compensate the cell of the VA, OCB or HAN mode. A synthetic polymer film having a high retardation 
value, such as a polycarbonate film or a polysulfone film can be used as the optically anisotropic support. However, the 
synthetic polymer film is inferior as a support (physical properties and affinity with a coating layer). Therefore, tiie opti- 

35 cally anisotropic support preferably is a lamination of the synthetic polymer film having a high retardation value and a 
cellulose ester film, which is an excellent support, but has a low retardation value. 

[0007] As is described above, a synthetic polymer film is used where tiie film should have an optical anisotropy (a 
■t high retardation value), while a cellulose ester film is used where the film should have an optical isotropy (a low retar- 
2 dation value). This is a general principle in the technical field of an optical material such as an optical compensatory 

- 40 Sheet 

SUMMARY OF THE INVENTION 

[0008] The present inventors have tried to use a cellulose ester film where the film should have an optical anisotropy 
45 (a high retardation value) against the general principle. The cellulose ester film is superior as a support compared witii 
a synthetic polymer film. If a cellulose ester film has a high optical anisotropy (a high retardation value), the cellulose 
ester film can be used as an optically anisotropic support of an optical compensatory sheet. 

[0009] However, a cellulose ester film having a low retardation value has been considered excellent according to prior 
art. Therefore, a method of increasing the retardation value of the cellulose ester film has scarcely been studied, while 
so a method of decreasing tiie retardation value has intensively been studied. 

[0010] The present inventors have studied the method of increasing the retardation value of the cellulose ester film, 
and have succeeded in obtaining a cellulose ester fflm having a high retardation value. 

[001 1] An object of the present invention is to provide an optical compensatory sheet comprising a cellulose ester film 
having a high retardation value and an optically anisotropic layer containing a discotic liquid crystal molecule. 
55 [0012] Another object of the invention is to provide a liquid crystal display using a cellulose ester film as an optically 
anisotropic support of an optical compensatory sheet. 

[0013] The present invention provides an optical compensatory sheet comprising a cellulose ester support and an 
optically anisotropic layer containing a discotic liquid crystal molecule, wherein the cellulose ester support has a Rth^^ 
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retardation value defined by the following formula in the range of 70 to 400 nm: 

Rth^^ =: [{(nx+ny)^}-nz]xd 

5 in which each of nx and ny Js the prindpal refractive index measured by light of 550 nm in plane of the support; nz is 
the principal refractive index measured by light o1 550 nm along the thickness direction of the support; and d is the thick- 
ness of the support. 

[0014] The invention also provides a liquid crystal display comprising a liquid crystal cell, two polarizing elements 
arranged on both sides of the liquid crystal cell, and at least one optical compensatory sheet ananged between the liq- 
10 uld crystal cell and at least one of the polarizing elements, said optical compensatory sheet comprising a cellulose ester 
support and an qsticaily anisotropic layer containing a discotic liquid crystal molecule, wherein the cellulose ester sup- 
port has a Rth^^ retardation value defined by the following formula in the range of 70 to 400 nm: 

Rth^° = [{(nx+ny)/2}-nz]xd 

75 - 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; nz is 
the principal refractive index measured by light of 550 nm along the thickness direction of the support; and d is the thick- 
ness of the support. 

[001 5] The present inventors have succeeded on prqaaration of a cellulose ester film having a Rth^° retardation 
20 value in the range of 70 to 400 nm. The film can be prepared by (1) using a retardation increasing agent, (2) adjusting 
an acetic acid content of cellulose acetate, or (3) a specific film forming method. The methods (1) to (3) of increasing 
the retardation value are described below. The obtained cellulose ester film can be used as an optically anisotropic sup- 
port of an optical compensatory sheet. 

[001 6] The optical compensatory sheet having the cellulose ester support can advantageously be used in a liquid 
25 crystal display, particularly a display of a veritably aligned (VA). optically compensatory bend (OCB) or hybrid aligned 
nematic (HAN) mode. 

BRIEF DESCRIPTION QFTHE DRAWINGS 
30 [0017] 

Fig. 1 is a sectional view schematically illustrating a liquid crystal display. 

Fig. 2 is a sectional view schematically illustrating alignment of liquid crystal molecules when voltage is not applied 
to a liquid crystal cell of a VA mode. 
35 Fig. 3 is a sectional view schematically illustrating alignment of liquid crystal molecules when voltage is applied to 
a liquid crystal cell of a VA mode. 

Fig. 4 schematically illustrates a refractive index ellipsoid obtained by viewing a liquid crystal eel! of a VA mode and 
a polarizing element of crossed nicols arrangement along a normal line of a cell substrate. 
Fig. 5 schematically illustrates a refractive index ellipsoid of a positive uniaxial liquid crystal cell and a refractive 
40 index ellipsoid of a negative uniaxial optical conpensatory sheet. 

Fig. 6 is a sectional view schematically illustrating combinations of a liquid crystal cell of a VA mode and an optical 
compensatory sheet of the first enrtoodiment of the present invention. 

Fig. 7 is a sectional view schematically illustrating combinations of a liquid crystal cell of a VA mode and an optical 
compensatory sheet of the second embodiment of the present invention. 
45 Fig. 8 is a sectional view schematically illusti-ating a representative embodiment of an optical compensatory sheet 
for a liquid crystal cell of a VA mode. 

Fig. 9 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of a VA 
mode. 

Fig. 10 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal ceil of an 
50 OCB mode. 

, Fig. 11 is a sectional view schematically illustrating alignment of liquid crystal molecules in a liquid crystal cell of a 
HAN mode. 

Fig. 12 is a sectional view schematically illustrating a combination of a liquid crystal cell of an OCB mode and two 
optical conpensatory sheets. 

55 Fig. 1 3 is a sectional view schematically illustrating a combination of a liquid crystal cell of a HAN mode and an opti- 
cal compensatory sheet. 

Fig. 14 is a sectional view schematically illustrating a r^resentative embodiment of a liquid crystal display of an 
OCB mode. 
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Fig. 1 5 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of a HAN 
mode. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

[Cellulose ester] 

[0018] Cellulose ester preferably is a cellulose ester of a lower fatty acid. The lower fatty acid means a fatty acid hav- 
ing 1 to 6 carbon atoms. The number of the carbon atoms preferably is 2 (cellulose acetate), 3 (cellulose propionate) or 
10 4 (cellulose butyrate). Cellulose acetate is particularly preferred. The cellulose ester includes a cellulose ester of two or 
more fatty acids, such as cellulose acetate propionate or cellulose acetate butyrate. 

[001 9] Cellulose acetate preferably has an average acetic acid content in the range of 55.0% to 62.5%. In view of the 
physical properties of the support, the acetic acid content is preferably in the range of 58.0% to 62.5%. On the other 
hand, a film having a high retardation value can be prepared by using cellulose acetate having an acetic acid content 
75 in the range of 55.0% to 58.0%. 

[0020] The acetic acid content means the weight ratio of the combined acetic acid based on the amount of the cellu- 
lose unit. The acetic acid content can be measured and calculated according to ASTM, D-817-91 (Testing methods for 
cellulose acetate etc.). 

[0021] Cellulose ester preferably has a viscosity average degree of polymerization (DP) of not less than 250, and 
20 more preferably not less than 290. 

[0022] Cellulose ester preferably has a nanrow molecular weight distribution in terms of Mw/Mn (wherein Mw means 
the weight average molecular weight, and Mn means the number average molecular weight). Mw and Mn can be meas- 
ured by a gel permeation chromatography The value of Mw/Mn is preferably in the range of 1 .0 to 1 .7, more preferably 
in the range of 1 .30 to 1 .65. and most preferably in the range of 1 .40 to 1 .60. 

25 

[Retardation values of cellulose ester support] 

[0023] The cellulose ester support of the present invention has a Rth^ retardation value in the range of 70 to 400 
nm. The Rth^ retardation value is defined by the following formula. 

30 

Rth^° = [{(nx+ny)/2}-nz]xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; nz is 
the principal refractive index measured by light of 550 nm along the thickness direction of the support; and d is the thick- 
35 ness of the support. 

[0024] The Rth^^ retardation value is preferably in the range of 1 00 to 400 nm. more preferably in the range of 1 50 
to 400 nm, further preferably in the range of 200 to 400 nm, furthermore preferably in the range of 200 to 300 nm, and 
most preferably in the range of 200 to 250 nm. 

[0025] The Rth retardation value means a value of a birefringence along a thickness direction divided by a thickness. 
40 [0026] The cellulose ester support preferably has a Re^^° retardation value in the range of 20 to 300 nm. The Re^^ 
retardation value is defined by the following formula: 

Re^° = |nx-ny|xd 

45 in which each of nx and ny Is the principal refractive index measured by light of 550 nm in plane of the support; and d 
is the thickness of the support. 

[0027] The Re^^° retardation value is more preferably in the range of 30 to 300 nm. 

[0028] The Re retardation value can be obtained by infringing light along a perpendicular direction to the film surface, 
and calculating the results based on the slow axis of the film. The Rth retardation value can be obtained by extrapolating 

so the results of the Re retardation value by the results measured by infringing light along an inclined direction to the film 
surface. The measurement can be conducted by using an ellipsometer (for exanrple, M-150, Japan Spectrum Co.. Ltd.). 
[0029] The absolute gradient (a) of the Rth distribution is preferably less than 0.0012. The Rth distribution is deter- 
mined based on the Rth^^ retardation value as the standard value (=1). The gradient (a) is calculated by the Rth'^^*^ 
retardation value (measured by using light of 400 nm). the Rth^^ retardation value and the Rth^°^ retardation value 

55 (measured by using light of 700 nm) according to the following formula: 

The gradient (a) =|Rth^°°-Rth^°°|/300Rth^° 
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[0030] Accordingly, the Rth^°°, Rth^^° and Rth^°° retardation values preferably satisfy the following formula: 

|Rth^°°-Rth'^°°|/300Rth^° < 0.0012 

[0031] The Rth^^. Rth^^ and Rth^^** retardation values more preferably satisfy the follovi^ing formula: 

-0.0012 < (Rth''^-Rth^°°)/300Rth^ < 0.0006 

[0032] The absolute gradient (b) of the Re distribution is preferably less than 0.002. The Re distribution is determined 
based on the Re^ retardation value as the standard value (=1). The gradient (b) is calculated by the Re'^^ retardation 
value (measured by using light of 400 nm). the Re^° retardation value and the Re^^ retardation value (measured by 
using light of 700 nm) according to the following formula: 

The gradient (b) ^IRe^^-Re'^^^l/SOORe^^ 
[0033] Accordingly, the Re'*^^. Re^° and Re^^ retardation values preferably satisfy the following formula: 

|Re^°°-Re*°^|/300Re^% 0.002 
[0034] The Re^°. Re^^ and Re^°^ retardation values more preferably satisfy the following formula: 

-0.002 < (Re^°°-Re'*°°)/300Re^^ < 0.001 

[0035] A cellulose ester support having a high Rth^^ retardation value can be prepared by (1) using a retardation 
increasing agent. (2) adjusting an acetic acid content of cellulose acetate, or (3) a specific film forming method. The 
method (2). namely cellulose acetate having an acetic acid content in the range of 55.0% to 58.0% is described above 
at the item of Cellulose ester. The method (1). namely a retardation increasing agent is described below. The method 
(3). namely a cooling dissolution method is also described below. Two or more methods can be used in combination. 
[0036] The Re^^° retardation value of the cellulose ester film can be adjusted by stretching the film. The method of 
stretching the film is also described below. 

[Retardation increasing agent] 

[0037] A retardation increasing agent can be used to obtain a cellulose ester support having a high Rth^° retardation 
value. The retardation increasing agent means a compound having a function of increasing the Rth^° retardation value 
of a cellulose ester film twice (usually twice to 10 times) based on a film to which the compound is not added. The 
amount of the compound should be so adjusted that a large amount of the compound does not cause a problem, such 
as a problem of bleeding out. The amount of the retardation increasing agent is usually in the range of 0.3 to 20 weight 
parts based on 100 weight parts of cellulose ester. 

[0038] A compound having at least two aromatic rings can be used as the retardation increasing agent The com- 
pound having at least two aromatic rings has a plane of a n bond of at least seven cartx>n atoms. The retardation 
increasing agent preferably has a molecular structure that does not cause a steric hindrance of the configuration 
between the two aromatic rings. According to study of the present inventors, one aromatic plane is preferably formed 
by two or more aromatic rings to increase a retardation value of a cellulose ester film. 

[0039] In the present specification, the term "aromatic ring" include an aromatic heterocyclic ring as well as an aro- 
matic hydrocarbon ring. The aromatic hydrocarbon ring preferably is six-membered ring (namely benzene ring). 
[0040] The aromatic heterocyclic ring usually is an unsaturated heterocyclic ring. The aromatic heterocyclic ring pref- 
erably is a five-membered or six-membered ring. The aromatic heterocyclic ring usually has the maximum number of 
double bonds. The hetero atom preferably is nitrogen, oxygen or sulfur, and most preferably is nitrogen. Examples of 
the aromatic heterocyclic rings include furan ring, thiophene ring, pyrrole ring, oxazole ring, isoxazole ring, thiazole ring, 
isothiazole ring, imidazole ring, pyrazole ring, furazan ring, triazole ring, pyran ring, pyridine ring, pyridazine ring, pyri- 
midine ring, pyrazine ring and 1 .3,5-triazine ring. 

[0041 ] The aromatic ring preferably is benzene ring, furan ring, thiophene ring, pyrrole ring, oxazole ring, thiazole ring, 
imidazole ring, triazole ring, pyridine ring, pyrimidine ring, pyrazine ring or 1, 3,5-triazine ring. 

[0042] The number of tine aromatic rings contained in the retardation increasing agent is preferably in the range of 2 
to 20. more preferably in the range of 2 to 12. further preferably in the range of 2 to 8. and most preferably in the range 
of 2 to 6. Where three or more aromatic rings are contained in the retardation increasing agent, the molecular structure 
preferably does not cause a steric hindrance of the configuration between at least two aromatic rings. 
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[0043] The two aromatic rings can be combined by (a) ring condensation, (b) a direct single bond, or (c) a linking 
group (no spiro bond can be formed because the rings are aromatic). In view of the function of increasing retardation, 
the bonds (a) to (c) are effective. In the case of (b) or (c), the molecular structure preferably does not cause a steric 
hindrance of the configuration between the two aromatic rings. 
5 [0044] Examples of (a) the corxJensed rings (consisting of two or more aromatic rings) include indene ring, naphtha- 
lene ring, azulene ring, fluorene ring.phenanthrene ring, anthracene ring, acenaphthyiene ring, brphenylene ring, naph- 
thacene ring, pyrene ring, indole nng. isoindole ring, benzofuran ring, benzothiophene ring, indolizlne ring, benzoxazole 
ring, benzothiazole ring, benzimidazole ring, benzotriazole ring, purine ring, indazole ring, chromene ring, quinoline 
ring, isoquinoline ring, quinolizme ring, quinazoline ring, cinnoline ring, quinoxaline ring, phthalazine ring, pteridine ring, 
TO carbazole ring, acridine ring, pherwnthridine ring, xanthene ring, phenazine ring, phenothiazine ring, phenoxathiin ring, 
phenoxazine ring and thianthrene ring. Naphthalene ring, azulene ring, indole ring, benzoxazole ring, benzothiazole 
ring, benzimidazole ring, benzotriazole ring and quinoline ring are preferred. 

[0045] The single bond of (b) is Fy€<erat>ly attached to carbon atoms of the two aromatic rings. Two or more single 
bonds can be formed between the two aromatic rings to form an aliphatic or non-aromatic heterocyclic ring between the 
15 two aromatic rings. 

[0046] The linking group of (c) is also p»e<ef ably attached to carbon atoms of the two aromatic rings. The linking group 
preferably is an alkylene group, an aiKenyleoe group, an alkynylene group, -CO, -0-, -NH-, -S- or a combination 
thereof. Examples of the combined t>nk;ng groups are shown below. In the following examples, the right and left sides 
are reversible. 

-CO-O- 
-CO-NH- 
-alkylene-O- 
-NH-CO-NH- 
-NH-CO-O- 
-O-CO-O- 
-O-aIkylene-0- 
-CO-alkenylene- 
-CO-alkenylene-NH- 
-CO-alkenylene-O- 

-alkylene-CO-0-aIkylene-0-CO-a!kylene- 
-O-alkylene-CO-O-alkyleneO-CO-alkylene-O- 
-O-CO-alkylene-CO-O- 
-NH-CO-alkenylene- 
-O-CO-alkenylene- 

[0047] The aromatic ring and the linking group may have a sut)stituent group provided that the substituent group does 
-t not cause a steric hindrance of the conf juration between the two aromatic rings. The steric hindrance is caused based 

s on the nature and position of the substtuent group. A steric bulky group (for example, a tertiary alky! group) tends to 

^ . 40 cause the steric hindrance. If a substrtueni group is attached to a position next to the position of a link (ortho position in 

benzene ring), the substituent group tends to cause the steric hindrance. 

[0048] Examples of the substituent groups irKlude a halogen atom (F, CI, Br. I), hydroxyl, carboxyl, cyano. amino, nitro, 
sulfo, carbamoyl, sulfamoyl, ureido. an alkyi group, an alkenyl group, an alkynyl group, an aliphatic acyl group, an 
aliphatic acyloxy group, an alkoxy group, an alkoxycarbonyl group, an alkoxycartKDnyiamino group, an alkylthio group, 
45 an alkylsulfonyl group, an aliphatic amtdo group, an aliphatic sulfonamido group, an aliphatic substituted amino group, 
an aliphatic substituted carbamoyl group. €in aliphatic substituted sulfamoyl group, an aliphatic substituted ureido group 
and a non-aromatic heterocyclic group. 

[0049] The alkyI group preferably has 1 to 8 carbon atoms. The alkyl group preferably has a chain structure rather 
than a cyclic structure. A linear chain structure is particularly preferred. The alkyl group may further have a substituent 
so group (e.g., hydroxyl, carboxyl, an alkoxy group, an alkylamino group). Examples of the alkyl groups (including the sub- 
stituted alkyl groups) include methyl, ethyl, n-butyl. n-hexyl, 2-hydroxyethyl, 4-carboxybutyl. 2-methoxyethyl and 2- 
diethylaminoethyl. 

[0050] The alkenyl group preferably has 2 to 8 carbon atoms. The alkenyl group preferably has a chain structure rather 
than a cyclic structure. A linear chain structure is particularly preferred. The alkenyl group may further have a substitu- 
55 ent group. Examples of the alkenyl groups include vinyl, allyl and 1-hexenyl. 

[0051] The alkynyl group preferably has 2 to 8 carbon atoms. The alkynyl group preferably has a chain structure rather 
than a cyclic structure. A linear chain structure is particularly preferred. The alkynyl group may further have a substitu- 
ent group. Examples of the alkynyl groups include ethynyl, 1-butynyl and 1-hexynyl. 
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[0052] The aliphatic acyf group preferably has 1 to 10 carbon atoms. Examples of the aliphatic acyi groups include 
acetyl, propanoyl and butanoyl. 

[0053] The aliphatic acyloxy group preferably has 1 to 10 cart>on atoms. Examples of the aliphatic acyioxy groups 
include acetoxy. 

5 [0054] The alkoxy group preferably has 1 to 8 carbon a[toms. The alkoxy group may have a substituent group (e.g., 
an alkoxy group). Examples of the alkoxy groups (including the substituted alkoxy groups) include methoxy, ethoxy, 
butoxy and methoxyethoxy. 

[0055] The alkoxycarbonyl group preferably has 2 to 10 carbon atoms. Examples of the alkoxycarbonyl groups include 
methoxycarbonyl and ethoxy carbony I. 
10 [0056] The alkoxy carbonylamino group preferably has 2 to 10 carbon atoms. Exanrples of the alkoxycarbonylamino 
groups include methoxycarbonylamino and ethoxycarbonylamino. 

[0057] The alkytthio group preferably 1 to 12 carbon atoms. Examples of the alkylthio groups include methylthio, ethyl- 
thio and octylthio. 

[0058] The alkyisulfonyl group preferably has 1 to 8 carbon atoms. Examples of the alkytsutfonyl groups include meth- 
75 anesulfonyl and elhanesuHonyl. 

[0059] The aliphatic amido group preferably has 1 to 10 carbon atoms. Examples of the aliphatic amido groups 
include acetamido. 

[0060] The aliphatic sulfonamide group preferably has 1 to 8 carbon atoms. Examples of the aliphatic sulfonamide 
groups include methanesulfonamido. butanesulfonamido and n-octanesulfonamrdo. 
20 [0061] The aliphatic substituted amino group preferably has 1 to 1 0 carbon atoms. Examples of the aliphatic substi- 
tuted amino groups include dimethylamino. diethylamino and 2-carboxyethylamino. 

[0062] The aliphatic substituted carbamoyl group preferably has 2 to 1 0 carbon atoms. Examples of the aliphatic sub- 
stituted carbamoyl groups include methylcarbamoyi and ethylcarbamoyl. 

[0063] The aliphatic substituted sulfamoyi group preferably has 1 to 8 carbon atoms. Exannples of the aliphatic sub- 
25 stituted suifamoyi groups include methylsulfamoyi and ethylsuHamoyl. 

[0064] The aliphatic substituted ureido group preferably has 2 to 10 carbon atoms. Exannples of the aliphatic substi- 
tuted ureido groups include methylureido. 

[0065] Examples of the non-aromatic heterocyclic groups include piperidino and morpholino. 
[0066] The retardation increasing agent has a molecular weight preferably in the range of 300 to 800. The retardation 
3D increasing agent preferably has a boiling point of not lower than 260*C. The boiling point can be measured by using a 
commercially available machine (for example. TG/DTA100. Seiko Instruments Inc.). 

[0067] Examples of the retardation increasing agents are shown below. In the following examples, the aromaticity of 
a ring is represented by a circle. 
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[Organic solvent] 

[0068] The cellulose ester support is preferably prepared according to a solvent casting method- The solvent casting 
method comprises dissolving cellulose ester in an organic solvent to prepare a solution (dope) and casting the dope to 
prepare a film. 

[0069] The organic solvent is preferably selected from the group consisting of an ether having 3 to 12 carbon atoms, 
a ketone having 3 to 12 carbon atoms, an ester having 3 to 12 carbon atoms and a halogenated hydrocarbon having 1 
to 6 carbon atoms. - , x 

[0070] The ether, ketone and ester may have a cyclic structure. A compound having two or more functional groups of 
the ether (-0-). ketone (-CO-) and ester (-COO-) can also be used as the organic solvent. The organic solvent can have 
another functional group, such as alcoholic hydroxyl. In the case that the organic solvent has two or more functional 
group, the number of the carbon atoms is defined as a compound having one functional group, which is optionally 
selected from the group of the organic solvents. 

[0071] Exarrples of the ethers having 3 to 12 carbon atoms include diisopropyl ether, dimethoxymethane. 1.4-diox- 
ane. 1 .3-dioxoiane, tetrahydrofuran. anisole and phenetol. 

[0072] Examples of the ketones having 3 to 12 carbon atom include acetone, methyl ethyl ketone, diethyl ketone, 
cyclohexanone and methylcyclohexanone. 

[0073] Examples of the esters having 3 to 12 carbon atoms include ethyl formate, propyl formate, pentyl formate, 
methyl acetate, ethyl acetate and pentyl acetate. 

[0074] Examples of the corrpounds having two or more kinds of functional groups include 2-ethoxyethyl acetate, 2- 
methoxyethanol and 2-butoxyethanoL 

[0075] The halogenated hydrocarbon preferably has one or two carbon atoms, and more preferably has one carbon 
atom. The halogen atom of the halogenated hydrocarbon preferably is chlorine. The ratio of the substitution of hydrogen 
with halogen is preferably in the range of 25 to 75 mole %. more preferably in the range of 30 to 70 mole %. further pref- 
erably in the range of 35 to 65 mole %. and most preferably in the range of 40 to 60 mole %. Methylene chlonde is a 
representative halogenated hydrocarbon. 

[0076] Two or more organic solvents can be used in combination. 

[0077] The most preferred organic solvent is a mixture of three or more solvents. The first solvent of the mixture is 
selected from the group consisting of an ether having 3 to 12 carbon atoms, a ketone having 3 to 12 carbon atoms, an 
ester having 3 to 12 carbon atoms and a halogenated hydrocarbon having 1 to 6 carbon atoms. The second solvent of 
the mixture is a linear monohydric alcohol having 1 to 5 carbon atoms. The third solvent of the mixture is selected from 
the group consisting of an alcohol having a boiling point in the range of 30 to 170*»C and a hydrocariDon having a boiling 
point in the range of 30 to 170**C. 

[0078] The first solvent (ether, ketone, ester or halogenated hydrocarbon) is described above. 
[0079] The alcoholic hydroxy! of the second solvent is attached to the end cartoon atom of the linear hydrocarbon chain 
(primary alcohol) or to the intermediate carbon atom of the chain (secondary alcohol). The second solvent is selected 
from the group consisting of methanol, ethanol. 1-propanol. 2-propanoI. 1-butanoI. 2-butanoI, 1-pentanol. 2-pentanol 
and 3-pentanoL The second solvent preferably has 1 to 4 carbon atoms, more preferably has 1 to 3 carbon atoms, and 
most preferably has 1 or 2 carbon atoms. Ethanol is particularly prefen-ed. 

[0080] The alcohol of the third solvent preferably is monohydric. The hydrocarbon chain of the alcohol can have a lin- 
ear, branched or cyclic structure. The hydrocarbon chain of the alcohol preferably Is a saturated aliphatic hydrocarbon. 
Hydroxyl of the alcohol can be primary, secondary or tertiary. 

[0081] Examples of the alcohols of the third solvent include methanol (boiling point: 64.65*0), ethanol (78.325*'C), 1- 
propanol (97.15*'C). 2-propanol (82.4»C). 1-butanol (117.9<*C). 2-butanol (Sg-S^C). t-butanol (82.45*0), 1-petanol 
(137.5*0), 2-methyl-2-bulanol (101 .9*0) and cyclohexanol (161*0). 

[0082] Though the alcohols of the third solvent overlap with the alcohols of the second solvent, an alcohol other than 
the alcohol used as the second solvent can be used as the third solvent. For example, where ethanol is used as the 
second solvent, the other alcohols (methanol. 1-propanol, 2-propanol, 1-butanol. 2-butanol. 1-pentanol. 2-pentanol and 
3-pentanol) defined in the second solvent can be used as the third solvent. 

[0083] The hydrocarbon of the third solvent can have a linear, branched or cyclic structure. The hydrocarbon can be 
aromatic or aliphatic. TTie aliphatic hydrocarbon can be saturated or not saturated. 

[0084] Examples of the hydrocarbons of the third solvent include cyclohexane (boiling point: 80.7*0). hexane (69*0). 
benzene (80.1*0). toluene (1 10.6*0) and xylene (138.4 to 144.4*0). 

[0085] The mixed organic solvent contains the first solvent preferably in the range of 50 to 95 wt%. more preferably 
in the range of 60 to 92 wt.%. further preferably in the range of 65 to 90 wt.%, and most preferably in the range of 70 to 
88 wt.%. The mixed organic solvent contains the second solvent preferably in the range of 1 to 30 wt.%. more preferably 
in the range of 2 to 27 wt.%. further preferably in the range of 3 to 24 wt.%. and most preferably in the range of 4 to 22 
wt.%. The mixed organic solvent contains the third solvent preferably in the range of 1 to 30 wt.%, more preferably in 
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the range of 2 to 27 wt.%. further preferably in the range of 3 to 24 wt.%, and most preferably in the range of 4 to 22 
wt.%. 

[0086] Four or more organic solvents can be used in combination. TTie fourth solvent can be selected from the above- 
mentioned three (first, second and third) solvents. Further, nitromethane can be used as the fourth solvent. 

5 

[Preparation of solution (conventional method)] 

[0087] A cellulose ester solution can be prepared according to a conventional method. The conventional method 
means that the solution is prepared at a temperature of not lower than 0**C (ordinary or elevated tenperature). The 
TO preparation of the solution can be conducted by using a process and apparatus for preparation of a dope in a conven* 
tional solvent casting method. The conventional method preferably uses a halogenated hydrocarbon (particularly meth- 
ylene chloride) as an organic solvent. 

[0088] The amount of cellulose ester is so adjusted that a prepared solution contains cellulose ester in an amount of 
10 to 4b wt%. The amount of cellulose ester more preferably is 10 to 30 wt.%. An optional additive (described below) 

75 can be added to an organic solvent. 

[0089] The solution can be prepared by stirring cellulose ester and an organic solvent at an ordinary temperature (0 
to 4^^. A solution of a high concentration is preferably prepared by stirring them at ah elevated temperature and at a 
high pressure. In more detail, cellulose ester and the organic solvent are placed in a closed vessel, and are stirred at 
an elevated tenperature and at a high pressure, which is higher than the tx>iling point of the solvent at atmospheric 

20 pressure and is lower than the boiling point of the solvent at the high pressure. The heating temperature is usually not 
lower than 40*'C, preferably in the range of 60 to 200**C, and more preferably in the range of 80 to 1 1 0°C. 
[0090] The conponents can be preliminary dispersed coarsely, and the coarse dispersion can be placed in the vessel . 
The components can also be placed in the vessel in series. The vessel should have a stirring device. A pressure can 
be formed in the vessel by inserting an inactive gas such as nitrogen gas into the vessel. The pressure can be a vapor 

25 pressure, which is formed by evaporation of the solvent by heating. Further, the components can be added to the vessel 
at a high pressure after the vessel is sealed. 

[0091 ] The vessel is preferably heated outside. For example, the vessel can be heated by a jacket type heating appa- 
ratus. Further, a plate heater can be placed outside the vessel. Furthernrtore, a heated liquid can be circulated in a tube 
outside the vessel. 

30 [0092] The components are stirred preferably by a stirring wing placed in the vessel. The stirring wing has such a 
length that the end of the wing reaches near the wall of the vessel. A scratching wing is preferably attached to the end 
of the stirring wing to scratch the solution retained along the wall of the vessel. 

[0093] The vessel can have a meter such as a manometer or a thermometer. The components are dissolved in the 
solvent in the vessel. The prepared dope is cooled in the vessel, or the dope is cooled after the dope is taken out of the 
35 vessel. The dope can be cooled by a heat exchanger. 

[Preparation of solution (cooling dissolution method)] 

[0094] The solution can also be prepared according to a cooling dissolution method. According to the cooling disso- 
40 lution method, cellulose ester can be dissolved in various orgarwc solvents (other than a halogenated hydrocarbon), in 
which cellulose ester cannot be dissolved according to a conventional method. Even if cellulose ester is dissolved in an 
organic solvent (such as a halogenated hydrocarbon), the cooling dissolution method can prepare a solution more 
quickly. Further, a cellulose acetate film having a high retardation value can be formed by using a solution prepared by 
the cooling dissolution method. 
45 [0095] At the first stage of the cooling dissolution method, cellulose ester is gradually added to an organic solvent 
while stirring at room temperature. 

[0096] The amount of cellulose ester is in the range of 1 0 to 40 wt.%, based on the amount of the mixture. The amount 
is preferably in the range of 1 0 to 30 wt.%. An optional additive (described below) may be added to the solvent. 
[0097] At the next stage, the mixture is cooled to a temperature of -1 00 to -10*0. preferably -80 to -10*C, more pref- 
£0 erably -50 to -20**C, and most preferably -50 to -30''C- The mixture can be cooled in a dry ice/methanol bath (-75**C) or 
in a cooled diethylene glycol solution (-3G to -20*'C). At the cooling stage, the mixture of cellulose ester and the solvent 
generally solidify. 

[0098] The cooling rate is preferably faster than 4*C per minute, more preferably faster than 8**C per minute, and most 
preferably faster than 12**C per minute. The cooling rate is preferably fast as possible. However, a theoretical upper limit 
55 of the cooling rate is 10.000*'C per second, a technical upper limit is 1 .000*'C per second, and a practical upper limit is 
lOO^C per second. The cooling rate means the change of temperature at the cooling stage per the time taKen to com- 
plete the cooling stage. The change of tenperature means the difference between the temperature at which the cooling 
stage is started and the temperature at which the cooling stage is completed. 
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[0099] Subsequently, the mixture is warned to a temperature of 0 to 200*'C. preferably 0 to 150»C. more preferably 0 
to 120'*C. and most preferably 0 to SO^'C to dissolve the cellulose ester in the solvent. The mixture can be warmed by 
keeping it at room temperature. The mixture can also be warmed on a bath. 

[0100] The warming rate is preferably faster than 4°C per minute, more preferably faster than 8°C per minute, and 
5 most preferably faster than 12**C per minute. The warming rate is preferably fast as possible. However, a theoretical 
upper limit of the warming rate Is 10.000**C per second, a technical upper limit is I.OOCC per second, and a practical 
upper limit is 1 0O'^C per second. The warming rate means the change of temperature at the warming stage per the time 
taken to complete the warming stage. The change of temperature means the difference between the temperature at 
which the warming stage is started and the temperature at which the warming stage is completed. 
10 [0101] Thus a dope is formed as a uniform solution. If cellulose ester is not sufficiently dissolved, the cooling and 
warming steps can be repeated. The dope is observed with eyes to determine whether cellulose ester is sufficiently dis- 
solved or not. 

[0102] A sealed vessel is preferably used in the cooling dissolution method to prevent contamination of water, which 
is caused by dew condensation at the cooling step. The time for the cooling and warning stages can be shortened by 
75 conducting the cooling step at a high pressure and conducting the warming step at a low pressure. A pressure vessel 
is preferably used at a high or low pressure. 

[0103] In the case that cellulose acetate (acetic acid content: 60.9%, viscosity average degree of polymerization: 299) 
is dissolved in methyl acetate by a cooling dissolution method to form 20 wt.% solution, the solution has a pseudo sol- 
gel phase transition point at about 33*'C. which is measured by a viscoelastic rheology analysis (for example, with Oscil- 
20 lation procedure of TA Instruments CSL2 Rheometer). Under the transition point the solution forms a uniform gel. 
Therefore, the solution should be stored at a temperature higher than the transition point, preferably at a temperature 
about 10**C higher than the point. The pseudo sol-gel phase transition point depends on the combined average acetic 
acid content of cellulose acetate, the viscosity average degree of polymerization, the concentration of the dope and the 
nature of the solvent. 

25 

[Preparation of film] 

[0104] The obtained cellulose ester solution (dope) is cast on a support, and the solvent is evaporated to form a cel- 
lulose ester film. A drum or a band is used as the support. 
30 [0105] Before casting the dope, the concentration of the dope is so adjusted that the solid content of the dope is In 
the range of 18 to 35 wt%. The surface of the drum or band is preferably polished to give a mirror plane. The casting 
and drying stages of the solvent cast methods are described in U.S. Patent Nos. 2.336,310. 2,367,603, 2.492,078. 
2.492,977. 2.492,978, 2,607.704. 2,739.069. 2.739.070. British Patent Nos. 640.731, 736,892, Japanese Patent Publi- 
cation Nos. 45(1970)-4554, 49(1974)-5614. Japanese Patent Provisional Publication Nos. 60(1 985)-1 76834. 60(1985)- 
35 203430 and 62( 1 987)-1 1 5035. 

[0106] The drum or band preferably has a surface temperature of not higher than 10**C when the dope is cast on the 
^- support. After casting the dope, the dope is preferably dried with air for at least 2 seconds. The formed film is peeled off 
I the drum or band, and the film can be further dried with air to remove the solvent remaining in the film. The temperature 
fe of the air can be gradually elevated from 100 to 160"C. The above-mentioned method is described in Japanese Patent 
- 40 Publication No. 5(1 993)-1 7844. According to the method, the time for casting and peeling steps can be shortened. The 
method requires that the dope be set to gel at the surface tenperature of the drum or Ijand. The dope formed according 
to the present invention satisfi^ the requirement 

[01 07] The cellulose acetate film has a thickness preferably in the range of 40 to 1 20. and more preferably in the range 
of 70 to 100 p-m. 

45 

[Other additives] 

[0108] A plasticizer can be added to the cellulose ester film to improve the mechanical strength of the film. The plas- 
ticizer has another function of shortening the time for the drying process. Phosphoric esters and carboxylic esters (such 

50 as phthalic esters and citric esters) are usually used as the plasticizer. Examples of the phosphoric esters include 
triphenyl phosphate (TPP) and tricresyl phosphate (TCP). Examples of the phthalic esters include dimethyl phthalate 
(DMP). diethyl phthalate (DEP). dibutyl phthalate (DBP). dioctyl phthalate (DOP). diphenyl phthalate (DPP) and diethyl- 
hexyl phthalate (DEHP). Exanples of the citric esters include triethyl o-acetyl citrate (OACTE) and tributyl o-acetylcitrate 
(OACTB). Examples of the carboxylic esters include phthalic esters and citric esters. Examples of the other carboxylic 

55 esters include butyl oleate. methylacetyl ricinoleate. dibutyl sebacate and various trimellitic esters. Phthalic ester plas- 
ticizers (DMP DEP. DBP. DOP. DPR DEHP) are preferred. DEP and DPP are particularly preferred. 
[0109] The amount of the plasticizer is preferably in the range of 0.1 to 25 wt.%. more preferably in the range of 1 to 
20 wt.%, and most preferably in the range of 3 to 1 5 wt.% based on the amount of cellulose ester. 



24 

MSDCX:iD; <EP 091 1656A2_I_> 



EP0 911 656 A2 



[0110] Deterioration inhibitors (e.g., peroxide decomposer, radical inhibitor, metal inactivating agent, oxygen scaven- 
ger) or ultraviolet inhibitors can be incorporated into the cellulose acetate film. The deterioration inhibitors are described 
in Japanese Patent Provisional Publication No. 5(1 993)-1 97073. The deterioration inhibitor is preferably in the range of 
0,01 to 1 vvt.%» and more preferably in the range of 0.01 to 0.2 wt-% based on the amount of the prepared solution 
5 (dope). If the amount is less than 0.01 wt.%, the effect of the deterioration inhibitor. If the amount is more than 1 

the inhibitor would bleed out on the surface of the film. Butyrated hydroxytoluene (BHT) is a particularly preferred dete- 
rioration inhibitor The ultraviolet inhibitors are described in Japanese Patent Provisional Publication No. 7(1995)- 
11055. 

[01 11] Cellulose acetate having an average acetic acid content of 55.0 to 58.0% is usually inferior to cellulose acetate 
10 having an average acetic acid content of higher than 58.0% in view of stability of the solution and physical properties of 
the film. However, the problem can substantially be solved by using the deterioration inhibitor such as butyrated hydrox- 
ytoluene (BHT). 

[Stretch of film] 

75 

[01 1 2] The obtained cellulose ester film can be stretched to increase the Re retardation value of the film. The stretch- 
ing process can be conducted at room temperature or at an elevated temperature, which preferably is not higher than 
the glass transition temperature of the film. 

[01 1 3] The film can be stretched by using a tenter while drying the film. The film can be stretched while conveying the 
20 film by rollers. For example, the film is stretched where a second roller is faster than the first roller. Further, the film can 
also be stretched by using a stretching machine after drying the film. An uniaxial stretching is preferred. 
[0114] The stretch ratio (the ratio of the increase of the length or width to the original length or width) is preferably in 
the range of 1 0 to 30%. 

25 [Structure of liquid crystal display] 

[0115] The obtained cellulose ester film is used as an optical anisotropic support of an optical compensatory sheet. 
The optical connpensatory sheet comprises the support and an optically anisotropic layer containing a discotic liquid 
crystal molecule. The optical compensatory sheet is advantageously used in a liquid crystal display. 
30 [01 1 6] The liquid crystal display usually coniprises a liquid crystal cell, two polarizing elements arranged on both sides 
of the liquid crystal cell, and at least one optical compensatory sheet arranged between the liquid crystal ceil and at 
least one of the polarizing elements. 

[01 1 7] The structure of a representative liquid crystal display is described below referring to Fig. 1 . 
[0118] Fig. 1 is a sectional view schematically illustrating a liquid crystal display. 
35 [0119] A liquid crystal layer (7) is arranged between resin substrates (5a, 5b). Transparent electrode layers (6a, 6b) 
are provided on the liquid crystal side of the resin substrates (5a. 5b). A liquid crystal cell comprises the above-men- 
tioned liquid crystal layer, transparent electrode layers and substrates (5 to 7). 

[0120] Two optical compensatory sheets (4a, 4b) are attached to both sides of the liquid crystal cell. The optical com- 
pensatory sheet comprises a support and an optically anisotropic layer. The optically anisotropic layer is provided 
40 between the support and the substrate (5a or 5b) of the liquid crystal display. The optical compensatory sheets (4a. 4b) 
functions of protecting the surface of a polarizing film (3a or 3b) on which the protective film (2a or 2b) is not provided. 
[0121] Two polarizing elements (2a, 2b. 3a. 3b) are attached to both sides of the optical compensatory sheets (4a. 
4b). The polarizing elements comprise protective films (2a, 2b) and polarizing films (3a, 3b). 

[0122] The liquid crystal display shown in Fig. 1 further comprises a surface treating film (1) on one polarizing ele- 
45 ment. The surface treating film (1) is provided on the side from which an image is observed. A back light of the liquid 
crystal display is provided on the reverse side (the side of 2b). 

[01 23] The liquid crystal layer of the liquid crystal cell is usually prepared by inserting liquid crystal into a space formed 
by two substrates and a spacer. The transparent electrode layer is prepared by forming a transparent membrane con- 
taining an electroconductive substance on the substrate. 

so [0124] A gas barrier layer, a hardcoating layer or an under-coating layer (used as an adhesive layer of the transparent 
electrode layer) can be provided in the liquid crystal cell. The layers are usually formed on the substrate. 
[0125] The substrate of the liquid crystal cell has a thickness usually in the range of 80 to 500 ^m. 
[0126] The polarizing films of the polarizing elements include an iodine polarizing film, a dye such as a dichromatic 
dye polarizing film and a polyene polarizing film. The polarizing film is usually made of a polyvinyl alcohol film. 

55 [0127] The protective film of the polarizing element has a thickness prefer^ly in the range of 25 to 350 ^m. and more 
preferably in the range of 50 to 200 \im. 

[0128] A surface treating film can be provided, as is shown in Fig. 1 . The surface treating film can function as a hard 
coating layer, an anti-fogging layer, an antiirradiation layer or an antireflection layer. 
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[0129] The cellulose ester support of the optical compensatory sheet is described above. The optically anisotropic 
layer containing a discotic liquid crystal molecule of the optical compensatory sheet is described below. 

[Optically anisotropic layer] 

[0130] The optically anisotropic layer contains a discotic liquid crystal molecule. The discotic liquid crystal molecule 
preferably is negative uniaxial, and preferably is obliquely aligned. The discotic liquid crystal molecule preferably has a 
hybrid alignment, wherein the inclined angles (between the discotic planes and the planes parallel to the support) are 
changed along a normal line of the support. The discotic liquid crystal molecule has an optic axis along a normal line 
of the discotic plane. The birefringence along the discotic plane is larger than that along the optic axis. 
[0131] The discotic liquid crystal molecule can ajso be aligned along the surface of the support, wherein the average 
inclined angle (between the discotic planes and the planes parallel to the support) is less than 5°. 
[0132] An optically anisotropic layer is preferably formed by aligning a discotic liquid crystal molecule by an orientation 
layer, and fixing the alignment of the discotic liquid crystal molecule. The discotic liquid crystal molecule is fixed prefer- 
ably by a polymerization reaction. 

[0133] The minimum retardation value in the optically anisotropic layer is preferably larger than 0. In other words, a 
direction having retardation of 0 preferably is not present in the optically anisotropic layer. 

[0134] The discotic liquid crystal molecule is described in various documents (C. Destrade et al., Mol. Crysr. Liq. 
Cryst., vol. 71 , page 1 1 1 (1981); Japan Chemical Society, Quarterly Chemical Review (written in Japanese), chapter 5 
and chapter 10, section 2 (1994); B. Kohne etal., Angew. Chem. Soc. Chem. Comm.. page 1794 (1985); and J. Zhang 
et al., J. Am. Chem. Soc. vol. 116, page 2655 (1994)). The polymerization reaction of the discotic liquid crystal mole- 
cule is described in Japanese Patent Provisional Publication No. 8(1996)-272B4. 

[0135] A polymerizable group should be bound to a discotic core of the discotic liquid crystal molecule to cause the 
polymerization reaction of the compound. However, if the polymerizable group is directly bound to the discotic core, it 
is difficult to keep the alignment at the polymerization reaction. Therefore, a linking group is introduced between the dis- 
cotic core and the polymerizable group. Accordingly, the discotic liquid crystal molecule having a polymerizable group 
preferably is a compound represented by the following formula (I). 



in which D is a discotic core; L is a divalent linking group; P is a polymerizable group; and n is an integer of 4 to 12. 
[0136] Examples of the discotic cores (D) are shown below. In the examples, LP (or PL) means the combination of 
the divalent linking group (L) and the polymerizable group (P). 
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[0137] In the formula (1). the c*vaient linking group (L) preferably is selected from the group consisting of an alkylene 
group, an alkenylene group, an arylene group. -CO. -NH-. -0-. -S- and combinations thereof. L more preferably is a diva- 
lent linking group comprising at least two divalent groups selected from the group consisting of an alkylene group, an 
alkenylene group, an arylene group. -CO. -NH-, -O- and -S-. L more preferably is a divalent linking group comprising at 
least two divalent groups selected from the group consisting of an alkylene group, an alkenylene group, an arylene 
group -CO- and -0-. The alkylene group preferably has 1 to 12 carbon atoms. The alkenylene group preferably has 2 
to 12 carbon atoms. The arylene grotp preferably has 6 to 10 carbon atoms. The alkylene group, the alkenylene group 
and the arylene group may have a siA>stituent group (e.g., an alkyi group, a halogen atom, cyano, an alkoxy group, an 
acyloxy group). 

[0138] Examples of the divalent linking groups (L) are shown below. In the examples, the left side is attached to the 
discotic core (D), and the right side is attached to the polymerizable group (P). AL means an alkylene group or an alke- 
nylene group, and AR means an aryler^e group. 
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[0139] The polymerizable group (P) is determined by the polymerization reaction. Examples of the polymerizable 
10 groups (P) are shown below. 



IS 



so 



25 



30 



35 



40 



(PI) 



H=CH2 



(P2) 



{P3) 



— NH2 



CH. 



— SH 



— COoH 



— CHo-CECH 



(P4) 



{P7) 



(PIO) 



(P13) 



(P5) 



(P6) 



— SO3H 



•CHg'^C H — CH2 



(P8) 

— CH=CH-CH3 



(P9) 



— N=C=S 



— CHO 



(Pll) 



{P14) 



(P12) 



-OH 



(P16) 
H^CH-n-CsHy 



— N=C=0 

(P17) 
— CH=:C-CH3 

CH^ 



{P15) 
— C H— C H — C2H5 



55 



[0140] The polymerizable group (P) preferably is an unsaturated polymerizable group (P1 . P2, P3, P7, P8, P15, PI 6, 
PI 7) or an epoxy group (P6). more preferably is an unsaturated polymerizable group, and most preferably is an ethyl- 
enically unsaturated group {PI. P7, P8. P15, P16, PI 7). 

[0141] In the formula (I), n is an integer of 4 to 12, which Is determined by the chemical structure of the disootic core 
(D). The 4 to 12 combinations of L and P can be different from each other. However, the combinations are preferably 
identical. 

[0142] Two or more discotic liquid crystal molecules can be used in combination. 

[0143] An optically anisotropic layer can be formed by coating a solution containing the discotic liquid crystal mole- 
cule, a polymerization initiator (described below) and other optional components on an orientation layer. 
[0144] The solution is preferably prepared by using an organic solvent. Examples of the organic solvents include an 
amide (e.g., dimethylformamide). a sulfoxide (e.g.. dimethylsulf oxide), a heterocyclic compound (e.g., pyridine), a 
hydrocarbon (e.g.. benzene, hexane). an alkyl halide (e.g.. chloroform, dichloromethane). an ester (e.g.. methyl acetate, 
butyl acetate), a ketone (e.g.. acetone, methyl ethyl ketone) and an ether (e.g., tetrahydrofuran, 1,2-dlmethoxy ethane). 
The alkyl halide and the ketone are preferred. Two or more organic solvents can be used in combination. 
[0145] The solution can be coated according to a conventional coating method (e.g., extrusion coating method, direct 
gravure coating method, reverse gravure coating method, die coating method). 
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[0146] The aligned discotic liquid crystal molecule is preferably fixed while keeping the alignment. The discotic liquid 
crystal molecule is fixed preferably by a polymerization reaction. The polymerization reaction can be classified a ther- 
mal reaction using a thermal polymer ization initiator and a photo reaction using a photo polymerization initiator. A photo 
polymerization reaction is preferred. 

5 [0147] Examples of the photo polymerization initiators include a-carbonyl compounds (described in U.S. Patent Nos. 
2,367.661, 2,367,670), acyioin ethers (desaibed in U.S. Patent No. 2,448,828). a-hydrocarbon substituted acyloin 
compounds (described in U.S. Patent No. 2.722,512), polycyclic quinone compounds (described in U;S. Patent Nos. 
2.951,758, 3.046,127). combinations of triarylimidazoles and p-aminophenyl ketones (described in U.S. Patent No. 
3,549.367), acridine or phenazine compounds (described in Japanese Patent Provisional Publication No. 60(1985)- 

10 105667 and U.S. Patent No. 4,239,850) and oxadiazole compounds (described in U.S. Patent No. 4,212,970). 
' [0148] The amount of the photo polymerization initiator is preferably in the range of 0.01 to 20 wt.%. and more pref- 
erably in the range of 0.5 to 5 wt.% based on the solid content of the coating solution of the layer. 
[0149] The light irradiation for the photo polymerization is preferably conducted by an ultraviolet ray. The exposure 
energy is preferably in the range of 20 to 5,000 mJ, and more preferably in the range of 100 to 800 mJ. The light irradi- 

15 ation can be conducted while heating the layer to accelerate the photo polymerization reaction. 

[0150] The optically anisotropic layer has a thickness preferably in the range of 0.1 to 10 ^m, more preferably in the 
range of 0.5 to 5 ^m, and most preferably in the range of 1 to 5 ^m. 

[Orientation layer] 

20 

[0151] The orientation layer has a function of aligning discotic liquid crystal molecules. The orientation layer can be 
formed by rubbing treatment of an organic compound (preferably a polymer), oblique evaporation of an inorganic com- 
pound, formation of a micro groove layer, or stimulation of an organic compound (e.g., ci>-tricosanoic acid, dioctadecyl- 
methylammonium chloride, methyl stearate) according to a Langmuir-Blodgett method. Further, the aligning function of 
25 the orientation layer can be activated by applying an electric or magnetic field to the layer or irradiating the layer with 
light. 

[01 52] The orientation layer is preferably formed by rubbing a polymer. The polymer preferably is polyvinyl alcohol. A 
denatured polyvinyl alcohol having a hydrophobic group is particularly preferred. The discotic liquid crystal molecule 
can uniformly be aligned by introducing the hydrophobic group into polyvinyl alcohol because the hydrophobic group 
30 has an affinity with the discotic liquid crystal molecule. The hydrophobic group is attached to the side chain or the end 
of the main chain of polyvinyl alcohol. 

[0153] The hydrophobic group preferably is an aliphatic group (more preferably an alkyi group or an alkenyl group) 
having 6 or more carbon atoms or an aromatic group. 

[0154] In the case that the hydrophobic group is attached to the end of the main chain, a linking group is preferably 
35 introduced between the hydrophobic group and the end of the main chain. Examples of the linking group include -S-, - 
C(CN)R''-. -NR^-, -CS- arxi combinations thereof. Each of and R^ is hydrogen or an alkyI group having 1 to 6 carbon 
t atoms, and preferably is an alkyI group having 1 to 6 carbon atoms. 

1 [01 55] In the case that the hydrophobic group is attached to the side chain, the acetyl group of the vinyl acetate units 

I in polyvinyl alcohol is partially replaced with an acyl group (-CO-R^) having 7 or more carbon atoms. R^ is an aliphatic 

I 40 group having 6 or more cartjon atoms or an aromatic group. 

[0156] Commercially available denatured polyvinyl alcohols (e.g., MP103. MP203. R1 130. Kuraray Co.. Lid.) can be 

used in the orierrtation layer. 

[0157] The (denatured) polyvinyl alcohol has a saponification degree preferably of not smaller than 80%. The (dena- 
tured) polyvinyl alcohol has a polymerization degree preferably of not smaller than 200. 
45 [01 58] The rubbing treatment can be corxiucted by rubbing the layer with a paper or cloth several times along a cer- 
tain direction. A cloth is preferred to a paper. The cloth preferably uniformly contains uniform (about length and thick- 
ness) fibers. 

[0159] A cellulose ester of a lower fatty acid, a fluorine containing surface active agent or a melamine compound can 
be added to the orientation layer to align the discotic liquid crystal molecule along the surface of the support, wherein 

so the average inclined angle (between the discotic planes and the planes parallel to the support) is less than 5**. The 
- amount of the cellulose ester of the lower fatty acid is preferably in the range of 0.01 to 1 wt.% based on the amount of 
the discotic liquid crystal molecule. The amount of the fluorine containing surface active agent is preferably in the range 
of 2 to 30 wt.% based on the amount of the discotic liquid crystal molecule. The amount of the melamine compound is 
0.1 to 20 wt.% based on the amount of the discotic liquid crystal molecule. 

55 [0160] After the discotic liquid crystal molecule is aligned by using the orientation layer ard fixed while keeping the 
alignment to form an optically anisotropic layer, the. optically anisotropic layer can be transfen-ed to a support. The 
aligned and fixed discotic liquid crystal molecule can keep the alignment without the orientation layer. Accordingly, the 
orientation layer is not essential in the optical compensatory sheet, while the orientation layer is essential in the prepa- 
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ration of the optical compensatory sheet using the discotic liquid crystal nnolecule. 
[Liquid crystal display of VA mode] 

[01 61 ] The optical compensatory sheet of the present invention can be advantageously used in a liquid crystal display 
of a vertical alignment (VA) mode: 

[0162] The liquid crystal display of the VA mode is described below referring to Hgs. 2 to 9. 

[0163] Fig. 2 is a sectional view schematically illustrating alignment of liquid crystal molecules when voltage is not 
applied to a vertically aligned (VA) liquid crystal cell. 

[0164] As is shown in Fig. 2. a liquid crystal cell comprises an upper substrate (1 1), a lower substrate (13) and liquid 
crystal molecules (12) sealed between the substrates. The liquid crystal molecules (12) used in a VA liquid crystal cell 
generally has a negative dielectric constant anisotropy. When voltage is not applied to a VA liquid crystal cell, the liquid 
crystal molecules (12) are vertically aligned. Where a pair of polarizing elements (not shown in Fig. 2) are arranged on 
both sides of the upper and lower substtates (1 1,13). no retardation is caused along a normal line (14) of the substrate 
surface. As a result, light is not tiansmrtted along the normal line (14) to display black 

[0165] If the cell is viewed aktng a diiectkxi (15) inclined from the normal line (14), retardation is caused to transmit 
light As a result, a contrast of an image is degraded. The retardation along the inclined direction (15) can be compen- 
sated with an optical anisotropy of an optical compensatory sheet. The details are described below referring to Fig. 5. 
[0166] Fig. 2 shows that all the crystal nxjiecules (12) are completely vertically aligned. However, the aligned 
compounds are slightly slanted (pr ctmod) to a direction. The slanted compounds can be aligned to the pretilted direc- 
tion when voltage is applied to a VA uquid crystal ceil (described below referring to Fig. 3). 

[0167] Fig. 3 is a sectional view «:^OTatlcaDy dlustratng alignment of liquid crystal molecules when voltage is applied 
to a vertically aligned (VA) liquid aystal ce*l 

[0168] Each of upper and lower substrates (2i. 23) has an electrode layer (not shown in Fig. 3) to apply voltage to 
liquid crystal molecules (22). As is showr> m Fig 3. the liquid crystal molecules placed in the middle of the cell are hor- 
izontally aligned by applying voftage to the cell As a resutt. retardation is caused along a normal line (24) of the sub- 
strate surface to transmit light. 

[0169] Each of an upper substrate (21 ) and a lower substrate (23) further has an orientation layer (not shown in Fig. 
3) having a function of aligning the liqu<l crystal molecules (22) vertically. Accordingly, the liquid crystal molecules near 
the orientation layer are not horizontally aligned, but obliquely aligned along a pretilted direction, though the molecules 
placed in the middle of the cell are horizontally aligned. If the cell is viewed along a direction (25) inclined from the nor- 
mal line (24), change of the angle of retardation is relatively small. On the other hand, change of the angle of retardation 
is relatively large where the cell is viewed along another direction (26). If the pretilted direction (the same as 26) is 
placed along dowffiward direction in an image, viewing angles along leftward and rightward directions would be wide 
and symmetrical, a viewing angle along a downward direction would be wide, but a viewing angle an upward direction 
would be narrow so that the viewing angles along downward and upward directions would be asymmetrical. The retar- 
dation caused by the obliquely (not horizontally) aligned liquid crystal molecules while applying voltage to the cell 
should be compensated to correct the asymmetrical viewing angles (asymmetrical transmittance). 
[0170] The optical compensatory sheet of the present invention has a function of compensating the above-mentioned 
retardation to improve the viewing angle (correcting the asymmetrical viewing angle while applying voltage to the cell). 
[0171] Fig. 4 schematically illustrates a refractive index ellipsoid obtained by viewing a liquid crystal cell of a vertical 
alignment mode and a polarizing element of crossed nicols arrangement along a normal line of a cell substrate. Fig. 
4(a) shows a refractive index ellipsoid when voltage is not applied to the cell, and Fig. 4(b) shows a refractive index ellip- 
soid when voltage is applied to the cell 

[0172] As is shown in Fig. 4. a transmission axis on an incident side (31a, 31b) of a polarizing element is arranged 
perpendicular to a transmission axis on the other side (32a, 32b) of a polarizing element according to crossed nicols 
arrangement. 

[0173] The liquid crystal molecules are vertically aligned (perpendicular to the substrate surface) when voltage is not 
applied to the cell. A refractive index ellipsoid (33a) has a circular shape shown in Fig. 4(a) when voltage is not applied 
to the cell. Therefore, the liquid crystal cell having no retardation shown in Fig. 4(a) does not transmit light. 
[0174] On the other hand, most of the liquid crystal molecules are horizontally aligned (parallel to the substrate sur- 
face) when voltage is applied to the cell. A refractive index ellipsoid (33b) has an oval shape shown in Fig. 4(b) when 
voltage is applied to the cell. Therefore, the liquid crystal cell having a retardation shown in Fig. 3(b) transmits light 
along a direction (34), which is an orthographic projection of an optic axis of the liquid crystal molecule in the cell to the 
cell substrate surface. 

[0175] Fig. 5 schematically illustrates a refractive index ellipsoid of a positive uniaxial liquid crystal cell and a refractive 
index ellipsoid of a negative uniaxial optical compensatory sheet. 

[0176] Where a positive uniaxial optical anisotropy is caused in a liquid crystal cell (43), a refractive index ellipsoid 
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(44), which is formed by refractive indexes in plane (44x, 44y) and a refractive index along a vertical direction (44z) has 
, a shape like a standing football. If a liquid crystal cell having a football-like (not spherical) refractive index ellipsoid is 
viewed along an inclined direction (15 in Rg. 2)» retardation is caused in the cell. The retardation is canceled by a neg- 
ative uniaxial optical compensatory sheet (42) to prevent transmission of light. 
5 [0177] The negative uniaxial optical compensatory sheet (42) has a refractive index ellipsoid (41) having a shape like 
a pressed beach ball, which is formed by refractive indexes in plane (41 x, 41 y) and a refractive index along a vertical 
direction (4l2). Therefore, the sum of 41x and 44x. the sum of 41y and 44y and the sum 4l2 and 442 are identical val- 
. ues. As a result, the retardation caused in the liquid crystal cell is canceled. 
[0178] The optical compensatory sheet of the present invention has another function of preventing transmission of 
10 light incident from an inclined direction when voltage is not applied to the cell as well as a function of improving the view- 
ing angle when voltage is not applied to the cell (described above referring to Fig. 3). 

[0179] Fig. 6 is a sectional view schematically illustrating combinations of a liquid crystal cell of a vertical alignment 
mode and two optical compensatory sheets of the present invention. 

[01 80] As is shown in Fig. 6. the optical compensatory sheets (53, 54) are combined with a VA liquid aystal cell (50) 

15 according to four variations (a) to (d). 

[0181] According to the variations (a) and (c)» optically anisotropic layers (51) containing a discotic liquid crystal mol- 
ecule of the optical compensatory sheets (53, 54) are attached to the VA liquid crystal cell (50). In the variation (a), the 
discotic liquid crystal molecule is aligned by an orientation layer (not shown in Fig. 6) arranged between the optically 
anisotropic layer (51) and the support (52). In the variation (c), the discotic liquid crystal molecule is aligned by an ori- 

so entation layer (not shown in Fig. 6) arranged between the optically anisotropic layer (51) and the VA liquid crystal cell 
(50). 

[0182] According to the variations (b) and (d), supports (52) of the optical compensatory sheets (53, 54) are attached 
to the VA liquid crystal cell (50). In the variation (b), the discotic liquid aystal molecule is aligned by an orientation layer 
(not shown in Fig. 5) arranged between the optically anisotropic layer (51) and the support (52). In the variation (c). the 
25 discotic liquid crystal molecule is aligned by an orientation layer (not shown in Fig. 6) arranged outside the optically ani- 
sotropic layer (51). 

[0183] Fig. 7 is a sectional view schematically illustrating combinations of a liquid crystal cell of a vertical alignment 
mode and an optical compensatory sheet of the present invention. 

[0184] As is shown in Fig. 7, the optical compensatory sheet (63) of the second embodiment is combined with a VA 

30 liquid crystal cell (60) according to four variations (e) to (h). 

[0185] According to the variations (e) and (g). an optically anisotropic layer (61) containing a discotic liquid crystal 
molecule of the optical compensatory sheet (63) is attached to the VA liquid crystal cell (60). In the variation (e), the 
discotic liquid crystal molecule is aligned by an orientation layer (not shown in Fig. 7) arranged between the optically 
anisotropic layer (61) and the support (62). in the variation (g). the discotic liquid crystal molecule is aligned by an ori- 

35 entation layer (not shown in Fig. 6) aaanged between the optically anisotropic layer (61) and the VA liquid crystal cell 
. (60). 

r [0186] According to the variations (f) and (h), a support (62) of the optical compensatory sheet (63) is attached to the 

I VA liquid crystal cell (60). In the variation (f). the discotic liquid crystal molecule is aligned by an orientation layer (not 

S shown in Fig. 6) arranged between the optically anisotropic layer (61) and the support (62). In the variation (h), the dis- 

^ 40 cotic liquid crystal molecule is aligned by an orientation layer (not shown in Rg. 7) arranged outside the optically aniso- 
tropic layer (61). 

[0187] Fig. 8 is a sectional view schematically illustrating a representative embodiment of an optical compensatory 
sheet. 

[0188] The optical compensatory sheet shown in Fig. 8 conrprises a support (71), an orientation layer (72) and an 
45 optically anisotropic layer (73) in the order. The layered sti-ucture corresponds to (a) ar>d (b) in Fig. 6 and (e) and (f) in 
Fig. 6. The orientation layer (72) has an aligning function caused by rubbing the layer along a direction (75). 
[0189] Discotic liquid crystal molecules (73a, 73b, 73c) contained in the optically anisotropic layer (73) are planer mol- 
ecules. Each of the molecules has only one plane, namely discotic plane (Pa, Pb. Pc). The discotic planes (Pa, Pb. Pc) 
are inclined to planes (71a, 71b, 71 c) parallel to the surface of the support (71). The angle between the discotic planes 
so (Pa, Pb, Pc) and the paralleled planes (71 a, 71 b, 71 c) are inclined angles (ea. eb, ec). As the distance between the mol- 
ecule and the orientation layer (72) increases along a normal line (74) of the support (71). the inclined angles increases 
(0a<eb<ec). 

[0190] The inclined angles (9a, 6b, 6c) are preferably in the range of 0 to 60". The minimum inclined angle is preferably 
in the range of 0 to 55*'. and more preferably in the range of 5 to 40". The maximum inclined angle is preferably in the 
55 range of 5 to 60**, and more preferably in the range of 20 to 60*. The difference between the minimum and maximum 
angles is preferably in the range of 5 to 55°. and more preferably in the range of 10 to 40°. 

[0191] An optical compensatory sheet has a function of improving the viewing angle. The function can be further 
improved where the inclined angles are changed as is shown in Fig. 8. The optical compensatory sheet shown in Rg. 
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8 has another function of preventing an image from reversion, gray-scale inversion and color contamination of a dis- 
played image. 

[01 92] Fig. 9 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of a 
VA mode. 

5 [0193] The liquid crystal display shown in Fig. 9 comprises a liquid crystal cell of a vertical alignment mode (VAC), a 
pair of polarizing elements (A, B) arranged on both sides of the liquid crystal cell, a pair of optical compensatory sheets 
(OC1 . OC2). arranged between the liquid crystal cell and the polarizing elements, and a back light (BL). The pair of the 
optical compensatory sheets (OC1 , OC2) are arranged, as is shown in Fig. 9. However, only one optical compensatory 
sheet can be arranged on one side of the liquid crystal cell. 

10 [0194] The arrows (R1, R2) in the optical compensatory sheets (OC1. OC2) mean rubbing directions of orientation 
layers (corresponding to the arrow 75 in Fig. 8) provided on the optical compensatory sheets. In the liquid crystal display 
shown in Fig. 9, an optically anisotropic layers of the optical compensatory sheets (OC1 , OC2) are attached to the liquid 
crystal cell (VAC). The optically anisotropic layers can also be attached to the polarizing elements (A, B). The rubbing 
directions of an orientation layer (R1. R2) should be reversed where the optically anisotropic layers are attached to the 

75 polarizing elements. 

[01 95] The arrows (RP1 RP2) in the liquid crystal cell (VAC) mean the rubbing directions of orientation layers provided 
on the cell substrates. 

[0196] The arrows (PA. PB) in the polarizing elements (A. B) mean the transmission axes of light polarized in the ele- 
ments. 

20 [0197] The rubbing directions in the optical compensatory sheets (R1. R2) is preferably essentially parallel (or 
reversal parallel) to the rubbing directions in the liquid crystal cell (RP1 . RP2). The transmission axes of the polarizing 
elements (PA, PB) are preferably essentially parallel or perpendicular to each other. 

[0198] The term "essentially parallel (or reversal parallel) or perpendicular" means that a margin for en^or based on 
the exactly parallel (or reversal parallel) or perpendicular angle is in the range of ±20^ The margin for error is preferably 
25 in the range of ±15^ more preferably in the range of ±10**, and most preferably in the range of ±5**. 

[0199] The angle between the rubbing directions in the liquid crystal cell (RP1 . RP2) and the transmission axes of the 
polarizing elements (PA. PB) is preferably in the range of 10 to 80^ more preferably in the range of 20 to 70^ and most 
preferably in the range of 35 to 55**. 

[0200] The optical compensatory sheet used in the liquid crystal display of the VA mode has a direction of the mini- 
30 mum retardation, which is preferably not present in plane and not present along a normal line of the sheet. 

[0201] The optical characteristic of the optical compensatory sheet depends on optical characteristics of the optically 
anisotropic layer and the support and on arrangement of the layer and the support. The optical characteristics are 
described below. 

[0202] The optical characteristics of (1 ) the optical anisotropic layer, (2) the support and (3) the optical compensatory 
35 sheet include a Re retardation value, a Rth retardation value and an angle between a direction of the minimum retarda- 
tion and a normal line of the sheet (p). 

[0203] The Re and Rth retardation values are defined above about the retardation value of the cellulose ester support. 
In the definitions of the optical anisotropic layer and the optical compensatory sheet, nx, ny and nz (described above 
about the cellulose ester support) mean principle refractive induces satisfying the formula of nx^ny^nz. 

40 [0204] In the case that two optical compensatory sheets are used in the liquid crystal display of a VA mode, each of 
the optical compensatory sheets preferably has a Re retardation value in the range of -5 to 5 nm. Accordingly, the abso- 
lijte Re retardation value of the optical compensatory sheet (Re^^) preferably satisfies the formula of O^R ^5. 
[0205] The optically anisotropic layer and the support are preferably so arranged that slow axis of the optically aniso- 
tropic layer is essentially perpendicular to slow axis of the support to adjust Re^^ within the above-mentioned range. 

45 Further, each of the optically anisotropic layer and the support preferably has a Re retardation value satisfying the fol- 
lowing formula: . 

|Re^-Re^| ^ 5nm 

50 in which Re"" Is an absolute Re retardation value of the optically anisotropic layer, and Re^ is an absolute Re retardation 
value of the support. 

[0206] In the case that one optical compensatory sheet is used in the liquid crystal display of a VA mode, the optical 
compensatory sheet preferably has a retardation value in plane in the range of -10 to 10 nm. Accordingly, the absolute 
Re retardation value of the optical compensatory sheet (Re^^) preferably satisfies.the formula of O^R ^1 0. 
55 [0207] The optically anisotropic layer and the support are preferably so arranged that slow axis of the optically aniso- 
tropic layer is essentially perpendicular to slow axis of the support to adjust Re^^ within the above-mentioned range. 
Further, each of the optically anisotropic layer and the support preferably has retardation in plane satisfying the follow- 
ing formula: 
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|Re^-Re^|5 lOnm 

in which Re"* is an absolute retardation value in plane of the optically anisotropic layer, and Re^ is an absolute retarda- 
tion value in plane of the support. 

5 [0208] Preferred optical characteristics of (1) the optical anisotropic layer. (2) the support and (3) the optical compen- 
satory sheet are shown below. The unit of Re and Rth is nm. The superscripted number 1 means a value of the optical 
anisotropic layer, the superscripted number 2 means a value of the support and the superscripted number 3 means a 
value of the optical compensatory sheet The Rth retardation value of the support (Rth^) and the Re retardation value 
of the support (Re^) have been described about the cellulose ester support. The meanings of R^'' and R^^ are 

10 described above. 



25 



Preferred range 


More preferred 


Most preferred 


0 < Re^ ^ 200 


5^Re^ ^ 150 


10 ^Re^ ^100 


OsRe^^ ^4.5 


0 ^ Re^^ ^ 4 


O^Re^^ <3.5 


0 ^ Re^^ ^ 9 


0 ^ Re^^ ^ 8 


0 ^ Re^2 ^ 7 


10^ Rth^ ^400 


20 ^ Rth^ ^ 300 


30^Rth^ ^200 


lO^Rth^^SOO 


60^ Rth^^SOO 


100^Rth^^400 


0» < ^ 60** 


0** < ^ 50" 


0*» < p^ ^ 40** 


O^'^P^^ 10** 


O^'^p^^ 5* 


0** ^ p2 ^ 3** 


0" < ^ 50** 


0** < p2 ^ 45*^ 


0** < p2 ^ 40** 



[Liquid crystal display of OCB and HAN mode] 

30 

[0209] The optical compensatory sheet of the present invention can also be advantageously used in a liquid crystal 
display of an optically compensatory bend (OCB) mode or a hybrid aligned nematic (HAN) mode. 
[021 0] The liquid aystal displays of the OCB mode and the HAN mode are described below referring to Figs. 1 0 to ,1 5. 
[0211] Fig. 10 is a sectional view schematically illustrating alignment of liquid crystal molecules in an optically com- 
35 pensatory bend (OCB) liquid crystal cell. The cell of Fig. 10 shows a black image, which corresponds to a normally 
white mode when voltage is applied to the cell or a normally black mode when voltage is not applied to the cell, 
I [021 2] As is shown in Fig. 10, a liquid crystal cell comprises an upper substrate (11), a lower substrate (13) and liquid 

p crystal molecules (12) sealed between the substrates. In the liquid crystal cell of the OCB mode, the birefringence of 

I liquid crystal molecules (12) near the upper substrate (1 1) is large to a direction of light (16a). vvhile the birefringence 

r 40 of liquid crystal molecules (12) near the lower substrate (13) is small. To another direction of light (16b), which is sym- 
metric with respect to the normal line of the substrates, the birefringence of liquid crystal molecules (12) near the upper 
substrate (1 1) is small, while the birefringence of liquid crystal molecules (12) near the lower substrate (13) is large. As 
is described above, the retardation values of the OCB liquid crystal cell are symmetric with respect to the normal line 
of the substrates. Accordingly, the cell has a function of optically compensate itself. Therefore, the OCB cell has a large 
45 viewing angle in principle. 

[0213] Fig. 1 1 is a sectional view schematically illustrating alignment of liquid crystal molecules in a hybrid aligned 
nematic (HAN) liquid crystal cell. The cell of Fig. 1 1 shows a black image, which corresponds to a normally white mode 
when voltage is applied to the cell or a normally black mode when voltage is not applied to the cell. 
[021 4] As is shown in Fig. 1 1 , a liquid crystal cell comprises an upper substrate (2 1 ) . a lower substrate (23) and liquid 
50 crystal molecules (22) sealed between the substrates. In the liquid crystal cell of the HAN mode, the birefringence of 
liquid crystal molecules (22) near the upper substrate (21) is large to incident light (27), while the birefringence of liquid 
crystal molecules (12) near the lower sut>strate (13) is small. To reflected light (28), the birefringence of liquid crystal 
molecules (22) near the upper substrate (21) is small, while the birefringence of liquid crystal molecules (22) near the 
lower substrate (23) is large. As is described above, the retardation values of incident light and reflected light are sym- 
55 metric. Accordingly, the cell has a function of optically compensate itself. Therefore, the HAN cell has a large viewing 
angle in principle. 

[0215] Even if the OCB or HAN cell is used, the light transmittance is increased within the black area to decrease a 
contrast of an image where the viewing is further enlarged. The optical compensatory sheet is used to keep the contrast 
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when light is incident along an inclined direction, to improve the viewing angle and the front contrast. 
[021 6] A positive uniaxial liquid crystal cell (displaying black) can be optically compensated by a negative uniaxial opti- 
cal compensatory sheet, as is described above referring to Fig. 5. 

[0217] Fig. 12 is a sectional view schematically illustrating a combination of a liquid crystal cell of the OCB mode and 

5 two optical compensatory sheets of the present invention. 

[0218] As is shown in Fig. 12. the two optical compensatory sheets are preferably so arranged that the liquid crystal 
cell of the OCB mode (50). is provided between the optically anisotropic layers (51 . 52). The discotic liquid crystal mol- 
ecules of the optically compensatory sheets (51. 52) are aligned con-esponding to (optically compensating) the align- 
ment of the liquid crystal molecule of the liquid crystal cell of the OCB mode. 

10 [021 9] Fig. 1 3 is a sectional view schematically illustrating a combination of a liquid -crystal cell of the HAN mode and 
one optical compensatory sheet of the present invention. 

[0220] As is shown in Fig. 1 3. the optical compensatory sheet is preterably so arranged that the optically anisotropic 
layer (61) is provided on the display surface of the liquid crystal cell of the HAN mode (60). The discotic liquid crystal 
molecules of the optically compensatory sheet (61) are aligned corresponding to (optically compensating) the align- 

75 ment of the liquid crystal molecule of the liquid crystal cell of the HAN mode. 

[0221] As is shown in Figs. 12 and 13. the alignment of the liquid crystal molecule of the cell of the OCB or HAN mode 
can be optically compensated by the optically anisotropic layer containing a discotic liquid crystal molecule. However, 
the retardation of the liquid crystal cell cannot be sufficiently corrected by only the optically anisotropic layer. Further 
the retardation caused in the optically anisotropic layer cannot be connected by the layer itself. Therefore, the above- 

20 described optically anisotropic support (cellulose ester film) is used to correct the retardation. 

[0222] The corrtjinations of the optically anisotropic layer and the optical anisotropic support are the same as those 
described about the liquid crystal display of the VA mode shown in Fig. 8. 

[0223] Fig. 14 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of 
an OCB mode. 

25 [0224] The liquid crystal display shown in Fig. 14 comprises a liquid crystal cell of an optically compensatory bend 
mode (OCBC). a pair of polarizing elements (A. B) arranged on both sides of the liquid crystal cell, a pair of optical com- 
pensatory sheets (OC1, OC2) an-anged between the liquid crystal cell and the polarizing elements, and a back light 
(BL). The pair of the optical compensatory sheets (OCI . OC2) are arranged, as Is shown in Fig. 1 4. However, only one 
optical compensatory sheet can be arranged on one side of the liquid crystal cell. 

30 [0225] The arrows (R1 . R2) in the optical compensatory sheets (OC1 . OC2) mean rubbing directions of orientation 
layers provided on the optical compensatory sheets. In the liquid crystal display shown in Fig. 14. optically anisotropic 
layers of the optical compensatory sheets (OC1 . OC2) are attached to the liquid crystal cell (OCBC). The optically ani- 
sotropic layers can also be attached to the polarizing elements (A, B). The rubbing directions of an orientation layer (R1 . 
R2) should be reversed where the optically anisotropic layers are attached to the polarizing elements. 

35 [0226] The arrows (RP1 . RP2) in the liquid crystal cell (OCBC) mean the rubbing directions of orientation layers pro- 
vided on the cell substrates. - u 
I [0227] The an-ows (PA, PB) in the polarizing elements (A, B) mean the transmission axes of light polarized in the ele- 

I ments. -.,„./ 
5 [0228] The rubbing directions in the optical compensatory sheets (R1, R2) is preferably essentially parallel (or 

^ 40 reversal parallel) to the rubbing directions in the liquid crystal cell (RP1 , RP2). The transmission axes of the polarizing 
elements (PA. PB) are preferably essentially parallel or perpendicular to each other. 

[0229] The term "essentially parallel (or reversal parallel) or perpendicular" means that a margin for en-or based on 
the exactly parallel (or reversal parallel) or perpendicular angle is in the range of ±20^ The margin for error is preferably 
in the range of ±15^ more preferably in the range of ±10*. and most preferably In the range of ±5*. 
45 [0230] The angle between the rubbing directions in the liquid crystal cell (RP1 , RP2) and the transmission axes of the 
polarizing elements (PA. PB) is preferably in the range of 10 to 80°, more preferably in the range of 20 to 70^ and most 
preferably in the range of 35 to 55'*. 

[0231] Fig. 15 is a sectional view schematically illustrating a representative embodiment of a liquid crystal display of 
a HAN mode. 

so [0232] The liquid crystal display shown in Fig. 10 comprises a liquid crystal cell of a hybrid aligned nematic mode 
(HANC). a polarizing element (A) arranged on the display side of the liquid crystal cell, an optical compensatory sheet 
(OC) arranged between the liquid crystal cell and the polarizing element, and a reflection board (RB). 
[0233] The arrow (R) in the optical compensatory sheet (OC) means a rubbing direction of an orientation layer pro- 
vided on the optical compensatory sheet. 

55 [0234] The arrow (RP) in the liquid crystal cell (HANC) means a rubbing direction of an orientation layer provided on 

the cell substrates. 

[0235] The arrow (PA) in the polarizing element (A) means the transmission axis of light polarized in the element. 
[0236] The rubbing direction in the optical compensatory sheet (R) is preferably essentially parallel (or reversal par- 
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allel) to the rubbing direction in the liquid crystal ceil (RP). 

{0237] The term "essentially parallel (or reversal parallel) or perpendicular" means that a margin for error based on 
the exactly parallel (or reversal parallel) or perpendicular angle is in the range of ±20**. The margin for error is preferably 
in the range of ±15°, more preferably in the range of ±10°, and most preferably in the range of ±5**. 
5 [0238] The angle between the rubbing direction in the liquid crystal cell (RP1) and the transmission axis of the polar- 
izing element (PA) is preferably in the range of 10 to 80**, more preferably in the range of 20 to 70'*, and most preferably 
in the range of 35 to 55*. 

[0239] The optical compensatory sheet used in the liquid crystal display of the OCB or HAN mode has a direction of 
the minimum retardation, which is preferably not present in plane and not present along a normal line of the sheet. 
10 [0240] The optical characteristic of the optical compensatory sheet depends on optical characteristics of the optically 
anisotropic layer and the support and on arrangement of the layer and the support. The optical characteristics are 
described below. 

^ [0241] The optical characteristics of (1) the optical anisotropic layer, (2) the support and (3) the optical conrpensatory 
sheet include a Re retardation value and a Rth retardation value, in the liquid crystal cell of the OCB or HAN mode, the 
15 optical characteristics of the optical compensatory sheet is preferably adjusted based on the optical characteristics of 
the OCB or HAN celL 

[0242] The Re and Rth retardation values are defined above about the retardation value of the cellulose ester support- 
In the definitions of the optical anisotropic layer and the optical compensatory sheet, nx, ny and nz (described above 
about the cellulose ester support) mean principle refractive induces satisfying the formula of nxsny^z. 
20 [0243] In the case that two optical compensatory sheets are used in the liquid crystal display of the OCB mode, the 
Re retardation value of the optical compensatory sheet (Re*^) and the Re retardation value of the liquid crystal cell (Re^) 
preferably satisfy the following formula. 

Re'*-20^1Re^|x2^Re'*+20 

25 

[0244] In the case that one optical compensatory sheet is used in the liquid crystal display of the OCB or HAN mode, 
the Re retardation value of the optical compensatory sheet (Re^) and the Re retardation value of the liquid crystal cell 
(Re^) preferably satisfy the following formula. 

30 Re*-20^|Re^|^Re'*+20 

[0245] Preferred optical characteristics of (1) the optical anisotropic layer and (3) the optical compensatory sheet are 
shown below. The unit of Re and Rth is nm. The super-scripted number 1 means a value of the optical anisotropic layer, 
the superscripted numt>er 2 means a value of the support and the superscripted number 3 means a value of the optical 
35 compensatory sheet The Rth retardation value of the support (Rth^) and the Re retardation value of the support (Re^) 
have been described about the cellulose ester support 

0 - . • 

1 ■ 



40 


Preferred range 


More prefen-ed 


Most preferred 




0 < Re^ ^ 200 


S^Re"" ^150 


10^ Re*" ^ 100 




0^ Re^s4.5 


0 ^ Re^ ^ 4 


0 s Re^ ^ 3.5 


45 


50 ^ Rth"" ^ 1 ,000 


50 ^ Rth^ ^ 800 


100 ^ Rth^ ^ 500 


50 ^Rth^^ 1,000 


60 ^ Rth^ s 500 


100 ^ Rth^ ^ 400 



[Other liquid crystal displays] 

50 

[0246] The optical compensatory sheet of the present invention can also be advantageously used in a liquid crystal 
display of an axially symmetric aligned microcell (ASM) mode. 

[0247] The liquid crystal cell of the ASM mode comprises a vertical alignment layer and negative dielectric liquid crys- 
tal. The ASM mode is characterized in that the cell thickness is maintained by position-controllable resin spacers. The 
55 other characteristics of the ASM mode are the same as those of the conventional TN mode. 

[0248] The liquid crystal display of the ASM mode is described in Kume et at, SID 98 Digest, 1089 (1998). 
[0249] The optical compensatory sheet of the present invention can also be used in a liquid crystal display of a con- 
ventional twisted nematic (TN) mode. 
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[0250] The liquid crystal display of the TN mode using an optical compensatory sheet is described in U.S. Patent Nos. 
5.583.679 and 5.646.703. 



PRELIMINARY EXPERIMENT 1 

5 . 

[0251] With 80.28 weight parts of a mixed organic solvent (methyl acetate/methanol/n-butanol = 80 wt.%/15 >wt.%/5 
wt.%), 17 weight parts of cellulose acetate (average acetic acid content: 57.0%) and 2.72 weight parts of triphenyl 
phosphate (plastidzer) were mixed at room temperature. Cellulose acetate was not dissolved, but swelled In the organic 
solvent. The swelled mixture formed a slurry. 

10 [0252] The swelled mixture was placed in a jacketed vessel. The mixture was slowly stirred while pouring a mixture 
of water and ethylene glycol {cooling medium) into the outer jacket. Thus, the mixture placed in the inner vessel was 
cooled to -SC^C (cooling rate: 8**C per minute). The mixture was uniformly cooled to connplete gelation (30 minutes). 
[0253] The cooling medium in the outer jacket was removed from the vessel, and warmed water was poured into the 
jacket. After the mixture was melted to some extent, the mixture was stirred. Thus the mixture was warmed to room tem- 

15 perature (warming rate: 8*C per minute). 

[0254] The cooling and warming stages were repeated again. 

[0255] The obtained solution (dope) was cast on a band using a band casting machine (effective length: 6 m). The 
dry thickness of the formed film was 100 fim. The temperature of the band was 0*C, The film was dried with, air for 2 
seconds (remaining solvent content: 50 wt.%), and peeled off the band. The film was further gradually dried at 100*^0 
20 for 3 minutes, at 1 30**C for 5 minutes and at 1 60**C for 5 minutes to evaporate the remaining solvent, while not fixing the 
end of the f ilm. The obtained film (solvent content: 10 wt.%) was further heated at 1 50'*C for 1 hour. 

PRELIMINARY EXPERIMENTS 2 to 5 

25 [0256] Cellulose acetate films were prepared in the same manner as in the preliminary experiment 1 , except that the 
average acetic acid content of cellulose acetate was changed to 55% (Experiment 2), 57.9% (Experiment 3), 59% 
(Experiment 4) or 61% (Experiment 5). 

(Evaluation of retardation values) 

30 

[0257] The Rth and Re retardation values of the obtained films were measured by using an ellipsometer {M-150, 
Japan Spectrum Ck>., Ltd.). The wavelength of light was 400, 550 or 700 nm. Further, the gradient (a) of the Rth distri- 
bution and the gradient (b) of the Re distribution were calculated. The results are set forth in Table 1 . 
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TABLE 1 



I 





Experiment 


Acetic acid content 


Rth^^ 


Re^^ 


Gradient (a) 


Gradient (b) 




1 


57% 


250 nm 


5 nm 


-0.0010 


-0.0019 


40 


2 


55% 


300 nm 


8 nm 


-0.0020 


-0.0030 




3 


57.9% 


200 nm 


4 nm 


-0.0003 


-0.0015 




4 


59% 


150 nm 


3 nm 


0.0004 


-0.0013 


45 


5 


61% 


80 nm 


2 nm 


0.0012 


0.0013 



PRELIMINARY EXPERIMENTS 6 to 8 

[0258] Cellulose acetate films were prepared in the same manner as in the preliminary experiments 1 to 3, except 
so that diphenyl phosphate was used as a plasticizer in place of triphenyl phosphate. The retardation values of the films 
were measured in the same manner as in the preliminary experiments 1 to 5. The results are set forth in Table 2. 



TABLE 2 



55 



Experiment 


Acetic acid content 


Rth^so 




Gradient (a) 


Gradient (b) 


6 


57% 


320 nm 


5 nm 


-0.0020 


-0-0019 
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TABLE 2 (continued) 



5 



Experiment 


Acetic acid content 




Re550 


Gradient (a) 


Gradient (b) 


7 


55% 


400 nm 


8 nm 


-0.0030 


-0.0030 


8 


57.9% 


300 nm 


4 nm 


-0.0006 


-0.0015 



PRELIMINARY EXPERIMENT 9 

10 [0259] A cellulose acetate solution was prepared in the same manner as in the preliminary experiment 1 . except that 
1 weight part of butyrated hydroxytoiuene (BHT) was added to 100 weight parts of the solution. 
[0260] The obtained solution and the solution obtained in the preliminary experiment 1 were left at 80*'C for 200 hours. 
Viscosity was measured with respect to the solution of the experiment 1 before heating and the solutions of the exper- 
iments 1 and 9 after heating. The measurement was conducted by using a high viscosity viscometer (Rotovisco, 

15 Haake). The sharing speed was 0.1 (liter per second). The temperature was O'C. 

[0261] Further, cellulose acetate films were prepared in the same manner as in the preliminary experiment 1 except 
that the above-prepared solutions were used. The films were left at 90*0 and the relative humidity of 100% for 200 
hours. The films were dissolved in methylene chloride. The limiting viscosity (t)) of the solution was measured by using 
a viscosity tiibe in v^^ich flow time of water at 30*0 is 150 seconds. First, flow time (tO) of solvent (i.e., methylene chlo- 

20 ride) was measured. Next, flow times (t) of solutions of 0.3. 0.6 and 1 .0 g per liter were measure. The value of ln(t^)/c 
where c=0 based on the concentration c (g per dl) was obtained as the limiting viscosity (q). The results are set forth in 
Table 3. 



TABLE 3 



Solution or film (number 


Viscosity of solution 


Limiting viscosity (ti) of 


of experiment) 


before preparing film 


solution of prepared film 




(relative value) 




1 (before heating) 


100 


1.2 


1 (after heating) 


80 


0.8 


7 (after heating) 


100 


1.2 



35 EXAMPLE 1 

f (Support of optical compensatory sheet) 

I 

£' [0262] The cellulose acetate film prepared in the preliminary experiment 6 was used as a cellulose ester support of 

I" 40 an optical compensatory sheet 

(Formation of orientation layer) 

[0263] A coating solution of the following composition was coated on the cellulose ester support by using a slide 
45 coater. The coating amount was 25 ml per vrP. The coated layer was air dried at 60° C for 60 seconds, and further air 
dried at 90^*0 for 150 seconds to form an orientation layer. 



so 


Coating solution for orientation layer 




The following denatured polyvinyl alcohol 


1 0 weight parts 




Water 


371 weight parts 


55 


Methanol 


119 weight parts 




Giutaric aldehyde (cross- linking agent) 


0.5 weight part 
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(Denatured polyvinyl alcohol) 



— (CH2 — CH)() 2 

6 



5 



— (CH2— CH)-i2.o 



(CH2— CH)87.8 

OH 



o 




c=o 



10 



CH3 



0(CH2)40COCH=CH2 



15 



[0264] The formed layer was subjected to a rubbing treatment. The rubbing direction was parallel to the slow axis of 
the support. 

20 

(Formation of optically anisotropic layer) 

[0265] In 8.43 g of methyl ethyl ketone, 1 .8 g of the following discotic liquid crystal molecule, 0.2 g of trimethylolpro- 
pane triacrylate denatured with ethylene oxide (V#360. Osaka Organic Chemical Co.. Ltd.). 0.04 g of cellulose acetate 

25 butyrate (CAB551-0-2. Eastman Chemical), 0.06 g of a photopolymerization initiator (Irgacure 907, Ciba-Geigy) and 
0.02 g of a sensitizer (Kayacure DETX. Nippon Kayaku Co., Ltd.) were dissolved to prepare a coating solution. The 
coating solution was coated on the orientation layer by using a wire bar of #2.5. The sheet was adhered to a metal 
frame, and heated in a thermostat at ISO^C for 2 minutes to align the discotic liquid crystal molecule. The sheet was 
in-adiated with an ultraviolet ray at ISO^C for 1 minute by using a high pressure mercury lamp of 120 W/cm. The sheet, 

30 was cooled to room temperature to obtain an optical compensatory sheet (1). 



50 (Evaluation of optical compensatory sheet) 

[0266] The thickness of the optically anisotropic layer was about 1 .0 \im. The retardation value of the optically aniso- 
tropic layer was measured along the rubbing direction. As a result, a direction having retardation of 0 was not found in 
the optically anisotropic layer. 

55 [0267] The average inclined angle of the optic axis of the optically anisotropic layer, namely the angle between the 
direction of the minimum retardation and the normal line of the sheet was 28** (p^ = 28'*). The Re retardation value was 
15 nm (Re^ = 15). and the Rth retardation value was 35 nm (Rth^ = 35). 

[0268] The optical compensatory sheet (1) was vertically sliced along the rubbing direction to obtain a ultra-thin sec- 



(Discotic liquid crystal molecule) 
R 




f V-0-(CH2)4"0-CO"CH:^CH2 



45 



40 
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tion (sample). The sample was placed an atmosphere of Os04 for 48 hours to dye the sample. The dyed sample was 
observed with a transparent electron microscope (TEM) to obtain a microscopic photograph. In the sample, the acryloyi 
group o1 the discotic liquid crystal molecule was dyed to show an image in the photograph. 

[0269] Upon checking the photograph, the discotic units in the optically anisotropic layer was inclined from the surface 
plane of the support. The inclined angle continuously increased as the distance from the surface of the substrate 
increased. 

(Preparation of VA liquid crystal cell) 



10 



15 



[0270] To a 3 wt.% aqueous solution of polyvinyl alcohol, 1 wt.% of octadecyldimethylammonium chloride (coupling 
agent) was added. The mixture was coated on a glass plate having an ITO electrode by using a spin coater. After heat- 
ing the coating layer at leo^C. the layer was subjected to a rubbing treatment to form an orientation layer for vertical , 
alignment. The orientation lasers were formed on two glass plates. The rubbing direction on one glass plate was 
reverse to the rubbing direction on the other plate. The two glass plates were placed by facing the orientation layer with 
each other. The cell gap (d) was 5 5 Mm. A liquid crystal molecule (An: 0.05) comprising an ester liquid crystal molecule 
and an ethane liquid crystal mo*<iCLrie was mjected into the cell gap to prepare a liquid crystal cell of a vertical alignment 
mode. The product of An and d was 275 nm 



20 



25 



30 



(Preparation of liquid crystal Otnipiay at VA mode) 

[0271 ] Two optical compensatory sheets ( 1 ) was arranged on both sides of the liquid crystal cell of a vertical alignment 
mode. The optically anisotropw: iay«f o# the optical cornpensatory sheet was faced with the glass plate of the liquid crys- 
tal cell. The rubbing direction of orientaton layer of the liquid crystal cell was reversely parallel to the rubbing direc- 
tion of the orientation layer of the optK:al coopensaiory sheet Two polarizing elements were arranged on the optical 
compensatory sheet according to a crossed mcots arrangement. 

[0272] Voltage of a square wave was applied to the liquid crystal cell of the vertical alignment mode. An image was 
displayed according to an NB mode (WacK 2V. white: 6V). A ratio of the transmrttance (white/black) was measured as 
a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using a meter (EZ- 
Contrast 160D, ELDIM). As a resutt tt^ contrast ratio (white/black) was 300, and the viewing angles that can view an 
image having a contrast ratio of not smaller than 10 along upward (U). downward (D), leftward (L) or rightward (R) direc- 
tion was 70^. 



EXAMPLE 2 

35 (Support of optical conpensatory sheet) 

[0273] The cellulose acetate film prepared in the preliminary experiment 6 was used as a cellulose ester support of 
an optical compensatory sheet. 

40 (Formation of orientation layer) 

[0274] A coating solution of the following composition was coated on the cellulose ester support by using a slide 
coater. The coating amount was 25 ml per m^. The coated layer was air dried at 60'*C for 2 minutes to form an orienta- 
tion layer. 

45 



SO 



Coating solution for orientation layer 



10 Wt.% aqueous solution of the denatured polyvinyl alcohol used in Example 1 

Water 

Methanol 

50 wt.% aqueous solution of glutaric aldehyde (cross-linking agent) 




[0275] The formed layer was subjected to a rubbing treatment. The rubbing direction was parallel to the slow axis of 
the support. The diameter of the rubbing roll was 150 mm, the speed of transferring the film was 10 m per minute, the 
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rubbing angle was 6**. and the rotating speed of the rubbing roll was 1 ,200 rpm. 
(Formation of optically anisotropic layer) 

5 [0276] In 3.4 g of methyl ethyl ketone. 1 .8 g of the discotic liquid crystal molecule used in Example 1 , 0.2 g of trimeth- 
ylolpropane triacrylate denatured with ethylene oxide (V#360, Osaka Organic Chemical Co., Ltd.), 0.04 g of cellulose 
acetate butyrate (CAB551 -0.2, Eastman Chemical). 0.06 g of a photopolymerization initiator (Irgacure 907. Ciba-Geigy) 
and 0.02 g of a sensitizer (Kayacure DETX, Nippon Kayaku Co., Ltd.) were dissolved to prepare a coating solution. The 
coating solution was coated on the orientation layer by using a wire bar of #6. The sheet was adhered to a metal frame, 

10 and heated in a thermostat at 140*^0 for 3 minutes to align the discotic liquid crystal molecule. The sheet was irradiated 
with an ultraviolet ray at 1 40'*C for 1 minute by using a high pressure mercury lamp of 120 W/cm. The sheet was cooled 
to room temperature to obtain an optical compensatory sheet (2). 

(Evaluation of optical compensatory sheet) 

[0277] The thickness of the optically anisotropic layer was about 2.0 ^m. The retardation value of the optically aniso- 
tropic layer was measured along the rubbing direction. As a result, a direction having retardation of 0 was not found in 
the optically anisotropic layer. Simulation of fitting the retardation values confirmed a hydride retardation wherein the 
negative uniaxes were changed from 4° to 68** successively along a thickness direction. 
so [0278] The Re retardation value of the optically anisotropic layer was 43 nm (Re"* « 43). and the Rth retardation value 
of the optically anisotropic layer was 135 nm (Rth"* = 135). 

[0279] The optical compensatory sheet (2) was vertically sliced along the rubbing direction to obtain a ultra-thin sec- 
tion (sample). The sample was placed an atmosphere of OSO4 for 48 hours to dye the sample. The dyed sample was 
observed with a transparent electron microscope (TEM) to obtain a microscopic photograph. In the sample, the acryloyi 
25 group of the discotic liquid crystal molecule was dyed to show an image in the photograph. 

[0280] Upon checking the photograph, the discotic units in the optically anisotropic layer was inclined from the surface 
plane of the support The inclined angle continuously increased as the distance from the surface of the substrate 
increased. 

30 (Preparation of OCB liquid crystal cell) 

[0281] A polyimide membrane was formed on a glass plate having an ITO electrode as an orientation layer. The ori- 
entation layer was subjected to a rubbing treatment. The rubbing direction on one glass plate was reverse to the rubbing 
direction on the other plate. The two glass plates were placed by facing the orientation layer with each other. The cell 
35 gap (d) was 8 ^m. A liquid crystal molecule having An of 0.1396 (ZLI1132, Merck & Co.. Inc.) was injected into the cell 
gap to prepare a liquid crystal cell of an optically connpensatory bend mode. The product of An and d was 1 .1 1 7 nm. 

^ The Re retardation value was 92 nm (Re"* = 92). 

I 

I (Preparation of liquid crystal display of OCB mode) 

[0282] Two optical compensatory sheets (2) was arranged on both sides of the liquid crystal cell of an optically com- 
pensatory bend mode. The optically anisotropic layer of the optical compensatory sheet was faced with the glass plate 
of the liquid crystal cell. The rutibing direction of the orientation layer of the liquid crystal cell was reversely parallel to 
the rubbing direction of the orientation layer of the optical compensatory sheet. Two polarizing elements were arranged 
45 on the optical compensatory sheet according to a crossed nicols arrangement. 

[0283] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
image was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the transmittance (white/black) was 
measured as a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using 
a meter (LCD-5000, Ohtsuka Electron Co.. Ltd.). As a result, the viewing angles that can view an image having a con- 
so trast ratio of not smaller than 10 were 80** or more along upward (U) direction, 58" along downward (D) direction and 
66** along leftward (L) or rightward (R) direction. 

EXAMPLE 3 

55 (Preparation of HAN liquid crystal cell) 

[0284] A polyimide membrane was formed on a glass plate having an ITO electrode as an orientation layer. The ori- 
entation layer was subjected to a rubbing treatment. Silicon oxide was evaporated on another a glass plate having an 
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ITD electrode to form an orientation layer. The two glass plates were placed by facing the orientation layer with each 
other. The cell gap (d) was 4 \im. A liquid crystal molecule having An of 0.1396 {ZLni32, Merck & Co.. Inc.) was 
injected into the cell gap to prepare a liquid crystal cell of a hybrid aligned nematic mode. The product of An and d was 
558 nm. The Re retardation value was 46 nm (Re'^ = 46). 

£ 

(Preparation of liquid crystal display of HAN mode) 

[0285] One optical compensatory sheet (2) prepared in Example 2 was arranged on a display side of the liquid crystal 
cell of a hybrid aligned nematic mode. The optically anisotropic layer of the optical compensatory sheet was faced with 

10 the glass plate of the liquid crystal cell. The rubbing direction of the orientation layer of the liquid crystal cell was 
rwerseiy parallel to the rubbing direction of the orientation layer of the optical cornpensatory sheet. A polarizing ele- 
ment was arranged on the optical compensatory sheet wherein the angle between the transmittance axis and the rub- 
bing direction of the liquid crystal cell was 45^. A scattering plate was placed on the polarizing element. A mirror 
(reflecting board) was placed on the reverse side of the liquid crystal cell. 

15 [0286] Light was irradiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction inclined by 
20" from the normal line of the display surface. Voltage of a square wave was applied to the liquid crystal cell of the 
hybrid aligned nematic mode. An image was displayed according to an NW mode (black: 6V. white: 2V). A ratio of the 
transmittance (whiteAslack) was measured as a contrast ratio. The upward, downward, leftward and rightward contrast 
ratios were measured by using a meter (bm-7, TOPCOlsl). As a result, the viewing angles that can view an image having 

20 a contrast ratio of not smaller than 10 were 44** along upward (U) direction. 26* along downward (D) direction and 39** 
along leftward (L) or rightward (R) direction. 

EXAMPLE 4 



25 (Stretch of cellulose ester film) 

[0287] A cellulose ester film was prepared in the same manner as in the preliminary experiment 6. except that the 
peeling speed (when the film is peeled off the band) and the rolling speed (when the formed film is rolled) was so 
adjusted that the ratio of the peeling speed to the rolling speed was 1 :1 .1 . Thus, the film was stretched. 
30 [0288] The Re^ retardation value of the stretched film was 30 nm. The Rth^^ retardation value was 240 nm. 

(Preparation of optical compensatory sheet) 

[0289] An optical compensatory sheet was prepared in the same manner as in Example 1 , except that the stretched 
35 film was used as the support and the coating amount of the optically anisotropic layer was inaeased twice. 

I (Preparation of liquid crystal display of VA mode) 

i 

P [0290] A liquid crystal display of VA mode was prepared in the same manner as in Example 1 , except that the above- 

I" 40 prepared optical compensatory sheet was used. 

[0291] Voltage of a square wave was applied to the liquid crystal cell of the vertical alignment mode. An image was 
displayed according to an NB mode (black: 2V. white: 6V). A ratio of the transmittance (white/black) was measured as 
a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using a meter (E2- 
Contrast 160D, ELDIM). As a result, the contrast ratio (white/black) was 290, and the viewing angles that can view an 
45 image having a contrast ratio of not smaller than 1 0 along upward (U). downward (D). leftward (L) or rightward (R) direc- 
tion was 68" or more. 

EXAfVIPLE 5 



so (Stretch of cellulose ester film) 

[0292] A cellulose ester film prepared in the preliminary experiment 6 was stretched at 140"C in a long stretching 
machine. The film was stretched by 10% along the machine direction. The film was not stretched along the cross direc- 
tion. Thus, the film was stretched along the longitudinal direction. 
55 [0293] The Re^° retardation value of the stretched film was 30 nm. The Rth^^° retardation value was 240 nm. 
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(Preparation of optical compensatory sheet) 



[0294] An optical compensatory sheet was prepared in the same manner as in Example 1 , except that the stretched 
film was used as the support and the coating amount of the optically anisotropic layer was increased twice. 

5 

(Preparation of liquid crystal display of VA mode) 

[0295] A liquid crystal display of VA mode was prepared in the same manner as in Example 1 . except that the above- 
prepared optical compensatory sheet was used. . 
10 [0296] Voltage of a square wave was applied to the liquid crystal cell of the vertical alignment mode. An image was 
displayed according to an NB mode (black: 2V. white: 6V). A ratio of the transmittance (white/black) was measured as 
a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using a meter (E2- 
Contrast 160D. ELDIM). As a resutt the contrast ratio (white/black) was 290, and the viewing angles that can view an 
image having a contrast ratio of not smaller than 10 along upward (U), downward (D), leftward (L) or rightward (R) direc- 
ts tion was 68* or more. 

EXAMPLE 6 

(Preparation of optical compensatory sheet) 

20 

[0297] An optical compensatory &he«< was prepared in the same manner as in Example 2, except that the stretched 
film prepared in Example 4 was used as the sjjppori and the coating amount of the optically anisotropic layer was 
increased twice. 

25 (Preparation of liquid crystal display of OCB mode) 

[0298] A liquid crystal display of OCB mode was prepared in the same manner as in Example 2, except that the 
above-prepared optical compensatory sheet was used. 

[0299] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
30 Image was displayed according to an NW nx)de (black: 6V. white: 2V). A ratio of the transmittance (whiteA^Iack) was 
measured as a contrast ratio. The tpward. downward, leftward and rightward contrast ratios were measured by using 
a meter (LCD-5000, Ohtsuka Electron Co.. Ltd.). As a result, the viewing angles that can view an image having a con- 
trast ratio of not smaller than 10 were 80** or nx>re along upward (U) direction, 60** along downward (D) direction and 
68° along leftward (L) or rightward (R) direction. 

35 

EXAMPLE 7 

I ' ■ 

I (Preparation of optical compensatory sheet) 

? 40 [0300] An optical compensatory sheet was prepared in the same manner as in Example 2, except that the stretched 
film prepared in Example 5 was used as the support and the coating amount of the optically anisotropic layer was 
increased twice. 

(Preparation of liquid crystal display of OCB mode) 

45 

[0301] A liquid crystal display of OCB mode was prepared in the same manner as in Example 2, except that the 
above-prepared optical compensatory sheet was used. 

[0302] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
image was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the transmittance (white/black) was 
50 measured as a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using 
a meter (LCD-5000. Ohtsuka Electron Co.. Ltd.). As a result, the viewing angles that can view an image having a con- 
trast ratio of not smaller than 10 were 80" or more along upward (U) direction. 60" along downward (D) direction and 
68** along leftward (L) or rightward (R) direction, 

55 
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EXAMPLE 8 

(Preparation of liquid crystal display of HAN mode) 

5 [0303] A liquid crystal display of HAN mode was prepared in the same manner as In Example 3. except that the optical 
compensatory sheet prepared in Example 6 was used. 

[0304] Light was in-adiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction inclined by 
20* from the normal line of the display surface. Voltage of a square wave was applied to the liquid crystal cell of the 
hybrid aligned nematic mode. An image was displayed according to an NW mode {black: 6V, white: 2V). A ratio of the 
10 transmittance (white/black) was measured as a contrast ratio. The upward, downward, leftward and rightward contrast 
ratios were measured by using a meter (bm-7, TOPCON). As a result, the viewing angles that can view an image having 
a contrast ratio of not smaller than 10 were 48° along upward. (U) direction, 28' along downward (D) direction and 41 " 
along leftward (L) or rightward (R) direction. 

^5 EXAMPLE 9 

(Preparation of liquid crystal display of HAN mode) 

[0305] A liquid crystal display of HAN mode was prepared in the same manner as in Example 3. except that the optical 

20 compensatory sheet prepared in Example 7 was used. 

[0306] Light was irradiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction inclined by 
20* from the normal line of the display surface. Voltage of a square wave was applied to the liquid crystal cell of the 
hybrid aligned nematic mode. An image was displayed according to an NW mode (black: 6V. white: 2V). A ratio of the 
transmittance (white/black) was measured as a contrast ratio. The upward, downward, leftward and rightward contrast 

25 ratios were measured by using a meter (bm-7, TOPCON). As a result, the viewing angles that can view an image having 
a contrast ratio of not smaller than 10 were 48** along upward (U) direction, 28*" along downward (D) direction and 41* 
along leftward (L) or rightward (R) direction. 

EXAMPLE 10 

30 ■ 

(Preparation of liquid crystal display of OCB mode) 

[0307] A liquid crystal display of OCB mode was prepared in the same manner as in Exanrple 6, except that the pro- 
jected direction of the nominal line of the discotic plane of the optical anisotropic layer and the slow axis of the cellulose 
35 ester support was so adjusted tfrat the angle between the average projected direction and the slow axis was 45*. 

[0308] An image was displayed on the liquid crystal display As a result, leak of light along an inclined direction was 
decreased white displaying a black image. 

EXAMPLE 11 

40 

(Preparation of liquid crystal display of OCB mode) 

[0309] A liquid crystal display of OCB mode was prepared in the same manner as in Example 7, except that the pro- 
jected direction o1 the nominal line of the discotic plane of the optical anisotropic layer and the slow axis of the cellulose 
45 ester support was so adjusted that the angle between the average projected direction and the slow axis was 45*. 

[0310] An image was displayed on the liquid crystal display As a result, leak of light along an inclined direction was 
decreased while displaying a black image. 

EXAMPLE 12 

50 

(Preparation of liquid crystal display of VA mode) 

. [0311] The optical compensatory sheet prepared in Example 4 was attached to one side of a polarizing layer 
(stretched polyvinyl alcohol film doped with iodine). A commercially available protect ve film (TD80U. Fuji Photo Film 
55 Co., Ltd.) was attached to the other side of the polarizing layer to prepare a polarizing element. 

[031 2] A liquid crystal display of VA mode was prepared in the same manner as in Example 1 , except that the optical 
compensatory sheet was not used and the above-prepared polarizing element was used on one side of the liquid crys- 
tal cell (the polarizing element on the other side was not changed). 
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[031 3] The quality of the displayed image was the same as the quality in Example 1 . 

EXAMPLE 13 

5 (Preparation of liquid crystal display of OCB mode) 

[0314] The optical compensatory sheet prepared in Example 6 was attached to one side of a polarizing layer 
(stretched polyvinyl alcohol film doped with iodine). A commercially available protective film (TD80U Fuji Photo Film 
Co.. Ltd.) was attached to the other side of the polarizing layer to prepare a polarizing element. 
10 [031 5] A liquid crystal display of OCB mode was prepared in the same manner as in Example 2, except that the optical 
compensatory sheet was not used and the above-prepared polarizing element was used on one side of the liquid crys- 
tal cell (the polarizing element on the other side was not changed). 
[031 6] The quality of the displayed image was the same as the quality in Example 2. 

15 EXAMPLE 14 

(Preparation of liquid crystal display of HAN mode) 

[031 7] A liquid crystal display of HAN mode was prepared in the same manner as in Example 3, except that the optical 
20 compensatory sheet was not used and the above-prepared polarizing element was used the display side of the liquid 
crystal cell. 

[0318] The quality of the displayed image was the same as the quality in Example 3. 
PRELIMINARY EXPERIMENT 10 

25 

[031 9] With 45 weight parts of cellulose acetate (average acetic acid content: 60.9%). 0.90 weight parts of the retar- 
dation increasing agent (5). 232.72 weight parts of methylene chloride, 42.57 weight parts of methanol and 8.50 weight 
parts of n-butanol were mixed at room temperature to prepare a solution. 

[0320] The obtained solution (dope) was cast on a band using a band casting machine (effective length: 6 m). The 
30 dry thickness of the formed film was 1 00 |im. 

[0321] The Rth retardation values of the obtained film was measured by using an ellipsometer (M-150, Japan Spec- 
trum Co.. Ltd.). The wavelength of light was 550 nm. The results are set forth in Table 4. 

PRELIMINARY EXPERIMENT 11 

35 

[0322] A cellulose ester film was prepared and evaluated in the same manner as in the preliminary experiment 10. 
I except that the retardation increasing agent (5) was not used. The results are set forth in Table 4. 

I 

i PRELIMINARY EXPERIMENTS 12 to 20 

f' 40 . 

[0323] Cellulose ester films were prepared and evaluated in the same manner as in the preliminary experiment 10, 
except that 0.90 weight parts of the retardation increasing agents (6), (7). (31). (36). (37). (38), (44), (50) and (81) were 
used in place of the agent (5) respectively The results are set forth in Table 4. 

45 PRELIMINARY EXPERIMENTS 21 to 24 

[0324] Cellulose ester films were prepared and evaluated in the same manner as in the preliminary experiment 10. 
except that 0.90 weight parts of the following comparative compounds (x1 ), (x2). (x3) and (x4) were used in place of the 
agent (5) respectively The results are set forth in Table 4. 
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10 



IS 



CH300C 



(xl) 




COOC4H9 

COOC4H9 



(x3) 




COOCH3 



(x2) 




COOCgHiy 
COOCgH^y 



CgHiyOOC 




(x4) 

COOCgHiy 
COOCgHiy 



20 



zs 



30 



35 



40 



45 



TABLE 4 



Film 


Retardation increasing 
agent 


Rth^^ retardation value 


10 


(5) 


181 nm 


11 


None 


20 nm 


12 


(6) 


200 nm 


13 


(7) 


222 nm 


14 


(31) 


99 nm 


15 


(36) 


158 nm 


16 


(37) 


1 58 nm 


17 


(38) 


1 66 nm 


18 


(44) 


71 nm 


19 


(50) 


75 nm 


20 


(81) 


80 nm 


21 


(xl) 


30 nm 


22 


(x2) 


30 nm 


23 


(x3) 


30 nm 


24 


(x4) 


30 nm 



55 



PRELIMINARY EXPERIMENT 25 

[0325] With 45 weight parts of cellulose acetate (average acetic acid content: 60.9%), 0.90 weight parts of the retar- 
dation increasing agent (3). 2.75 weight parts of triphenyl phosphate (plasticizer). 2.20 weight parts of biphenyldiphenyl 
phosphate (plasticizer), 232.72 weight parts of methylene chloride, 42.57 weight parts of methanol and 8.50 weight 
parts of n-butanol were mixed at roonri temperature to prepare a solution. 

[0326] The obtained solution (dope) was cast on a barKl using a band casting machine (effective length: 6 m). The 
dry thickness of the formed film was 100 ^m. 

[0327] The Rth retardation values of the obtained film was measured by using an ellipsometer (M-150, Japan Spec- 
trum Co., Ud.). The wavelength of light was 550 nm. The results are set forth in Table 5. 
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PRELIMINARY EXPERIMENT 26 

[0328] A cellulose ester film was prepared and evaluated in the same manner as in the preliminary experiment 25. 
except that the retardation increasing agent (3) was not used. The results are set forth in Table 5. 

5 

PRELIMINARY EXPERIMENTS 27 to 29 

[0329] Cellulose ester films were prepared and evaluated in the same manner as in the preliminary experiment 25. 
except that 0.90 weight parts of the retardation Increasing agents (8). (31) and (75) were used in place of the agent (3) 
10 respectively. The results are set forth in Table 5. 



TABLE 5 



Film 


Retardation increasing 
agent 


p^l^55o retardation value 


25 


(3) 


120 nm 


26 


None 


50 nm 


27 


(8) 


120 nm 


28 


(31) 


180 nm 


29 


(75) 


^ 120 nm 



25 PRELIMINARY EXPERIMENTS 30 to 33 

[0330] Cellulose ester films were prepared and evaluated in the same manner as in the preliminary experiments 25 
and 27 to 29. except that the amount of the retardation increasing agent was changed to 2.00 weight parts. The results 
are set forth in Table 6. 

30 

TABLE 6 



Film 


Retardation increasing 
agent 


pj^550 retardation value 


30 


(3) 


240 nm 


26 


None 


50 nm 


31 


(8) 


240 nm 


32 


(31) 


300 nm 


33 


(75) 


240 nm 



EXAMPLE 15 

45 

(Preparation of liquid crystal display of VA mode) 

[0331] A liquid crystal display of VA mode was prepared in the same manner as in Example 1. except that the cellu- 
lose ester film prepared in the preliminary experiment 25 was used as the cellulose ester support of the optical com- 
50 pensatory sheet. 

[0332] Voltage of a square wave was applied to the liquid crystal cell of the vertical alignment mode. An image was 
displayed according to an NB mode (black: 2V. white: 6V). A ratio of the transmittance (white/black) was measured as 
a contrast ratio. The upward, downward. leftward and rightward contrast ratios were measured by using a meter (EZ- 
Contrast 160D. ELDIM). As a result, the contrast ratio (white/black) was 300. and the viewing angles that can view an 
55 image having a contrast ratio of not smaller than 10 along upward (U). downward (D) leftward (L) or rightward (R) direc- 
tion was 70*. 
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EXAMPLE 16 



(Preparation of liquid crystal display of OCB mode) 

5 [0333] A liquid crystal display of OCB mode was prepared in the same manner as in Example 2» except that the cel- 
lulose ester film prepared in the preliminary experiment 25 was used as the cellulose ester support of the optical com- 
pensatory sheet. 

[0334] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
image was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the transmittance (whiteyblack) was 
10 measured as a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using 
a meter (LCD-5000, OhtsuKa Electron Co,, Ltd.). As a result, the viewing angles that can view an image having a con- 
trast ratio of not smaller than 10 were 80** or more along upward (U) direction, 58° along downward (D) direction and 
66* along leftward (L) or rightward (R) direction. 

15 EXAMPLE 17 

(Preparation of liquid crystal display of HAN mode) 

[0335] A liquid crystal display of HAN mode was prepared in the same manner as in Exanrpfe 3, except that the cel- 
20 lulose ester film prepared In the preliminary experiment 25 was used as the cellulose ester support of the optical com- 
pensatory sheet. 

[0336] Ught was irradiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction inclined by 
20" from the normal line of the display surface. Voltage of a square wave was applied to the liquid crystal cell of the 
hybrid aligned nematic mode. An Image was displayed according to an NW mode (black: 6V. white: 2V). A ratio of the 
25 transmittance (white/black) was measured as a contrast ratio. The upward, downward, leftward and rightward contrast 
ratios were measured by using a meter (bm-7, TOPCON). As a result, the viewing angles that can view an Image having 
a contrast ratio of not smaller than 10 were 44** along upward (U) direction, 26*' along downward (D) direction and 39* 
along leftward (L) or rightward (R) direction. 

30 EXAMPLE 18 

(Stretch of cellulose ester f ilm) 

[0337] A cellulose ester film was prepared in the same manner as in the preliminary experiment 25, except that 1 .35 
35 weight parts of the retardation increasing agent (4) was used in place of 0.90 weight parts of the retardation Increasing 
agent (3), and the peeling speed (when the film is peeled off the t>and) and the rolling speed (when the formed film is 
rolled) was so adjusted that the ratio of the peeling speed to the rolling speed was 1:1.1. Thus, the film was stretched. 
[0338] The Re^ retardation value of the stretched film was 30 nm. The Rth^^^ retardation value was 240 nm. 

40 (Preparation of optical compensatory sheet) 

[0339] An optical compensatory sheet was prepared in the same manner as in Example 1 5, except that the stretched 
film was used as the support and the coating amount of the optically anisotropic layer was Increased twice. 

45 (Preparation of liquid crystal display of VA mode) 

[0340] A liquid crystal display of VA mode was prepared in the same manner as in Example 1 5, except that the above- 
prepared optical compensatory sheet was used. 

[0341] Voltage of a square wave was applied to the liquid crystal cell of the vertical alignment mode. An image was 
so displayed according to an NB mode (black: 2V, white: 6V). A ratio of the transmittance (white/black) was measured as 
a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using a meter (EZ- 
Contrast 160D. ELDIM). As a result, the contrast ratio (white/black) was 290, and the viewing angles that can view an 
Image having a contrast ratio of not smaller than 1 0 along upward (U), downward (D), leftward (L) or rightward (R) direc- 
tion was 68" or more. 

55 
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EXAMPLE 19 

(Stretch of cellulose ester film) 

[0342] A cellulose ester film was prepared in the same manner as in the preliminary experiment 25, except that 1 .35 
weight parts of the retardation increasing agent (4) was used In place of 0.90 weight parts of the retardation- increasing 
agent (3). The obtained film was stretched at 140*C in a long stretching machine. The film was stretched by 10% along 
the machine direction. The film was not stretched along the cross direction. Thus, the film was stretched along the lon- 
gitudinal direction. 

[0343] The Re retardation value of the stretched film was 30 nm. The Rth retardation value was 240 nm. 
(Preparation of optical compensatory sheet) 

[0344] An optical compensatory sheet was prepared in the same manner as in Example 1 5. except that the stretched 
film was used as the support and the coating amount of the optically anisotropic layer was increased twice. 

(Preparation of liquid crystal display of VA mode) 

[0345] A liquid crystal display of VA mode was prepared in the same manner as in Example 1 , except that the at>ove- 
prepared optical compensatory sheet was used. 

[0346] Voltage of a square wave was applied to the liquid crystal cetl of the vertical alignment mode. An image was 
displayed according to an NB mode (black: 2V, white: 6V). A ratio of the transmittance (whiteA^lack) was measured as 
a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using a meter (E2- 
Contrast 160D. ELDIM). As a result, the contrast ratio (white/black) was 290. and the viewing angles that can view an 
image having a contrast ratio of not smaller than 10 along upward (U), downward (D). leftward (L) or rightward (R) direc- 
tion was 68" or more. 

EXAMPLE 20 

(Preparation of optical compensatory sheet) 

[0347] An optical compensatory sheet was prepared in the same manner as in Example 1 6, except that the stretched 
film prepared in Example 18 was used as the support and the coating amount of the optically anisotropic layer was 
increased twice. 

(Preparation of liquid crystal display of OCB mode) 

[0348] A liquid crystal display of OCB mode was prepared in the same manner as in Example 16, except that the 
above-prepared optical compensatory sheet was used. 

[0349] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
image was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the transmittance (whIteADlack) was 
measured as a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using 
a meter (LCD-5000. Ohtsuka Electron Co.. Ltd.). As a result, the viewing angles that can view an image having a con- 
trast ratio of not smaller than 10 were 80** or more along upward (U) direction, SO** along downward (D) direction and 
68* along leftward (L) or rightward (R) direction. 

EXAMPLE 21 

(Preparation of optical compensatory sheet) 

[0350] An optical compensatory sheet was prepared in the same manner as in Example 1 6. except that the stretched 
film prepared in Example 19 was used as the support and the coaling amount of the optically anisotropic layer was 
increased twice. 

(Preparation of liquid crystal display of OCB mode) 

[0351] A liquid crystal display of OCB mode was prepared in the same manner as in Example 16, except that the 
above-prepared optical compensatory sheet was used. 
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[0352] Voltage of a square wave was applied to the liquid crystal cell of the optically compensatory bend mode. An 
image was displayed according to an NW mode (black: 6V, white: 2V)- A rato of the transmittance (white/black) was 
measured as a contrast ratio. The upward, downward, leftward and rightward contrast ratios were measured by using 
a meter (LCD-5000, Ohtsuka Electron Co., Ltd.). As a result, the viewing angles that can view an image having a con- 
5 trast ratio of not smaller than 1 0 were 80" or more along upward (U) direction, 60** along downward (D) direction and 
68" along leftward (L) or rightward (R) direction. 

EXAMPLE 22 

10 (Preparation of liquid crystal display of HAN mode) 

[0353] A liquid crystal display of HAN mode was prepared in the same manner as in Example 1 7, except that the opti- 
cal compensatory sheet prepared in Example 20 was used. 

[0354] Light was irradiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction inclined by 
IS 20** from the normal line of the display surface. Voltage of a square wave was applied to the liquid crystal cell of the 
hybrid aligned nematic mode. An image was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the 
transmittance (white/black) was measured as a contrast ratio. The upward, downward, leftward and rightward contrast 
ratios were measured by using a meter (bm-7, TOPCON). As a result, the viewing angles that can view an image having 
a contrast ratio of not smaller than 10 were 480 along upward (U) direction, 28" along downward (D) direction and 41 * 
20 along leftward (L) or rightward (R) direction. 

EXAMPLE 23 

(Preparation of liquid crystal display of HAN mode) 

25 

[0355] A liquid crystal display of HAN mode was prepared in the same manner as in Example 1 7, except that the opti- 
cal compensatory sheet prepared in Exanple 21 was used. 

[0356] Light was irradiated to the liquid crystal cell of the hybrid aligned nematic mode along the direction inclined by 
20" from the nprmal line of the display surface. Voltage of a square wave was applied to the liquid crystal cell of the 
30 hybrid aligned nematic mode. An image was displayed according to an NW mode (black: 6V, white: 2V). A ratio of the 
transmittance (white/black) was measured as a contrast ratio. The upward, downward, leftward and rightward contrast 
ratios were measured by using a meter (bm-7, TOPCON). As a result, the viewing angles that can view an image having 
a contrast ratio of not smaller than 10 were 48" along upward (U) direction, 28" along downward (D) direction and 41" 
along leftward (L) or rightward (R) direction. 

35 ' - . ' 

EXAMPLE 24 

(Preparation of liquid crystal display of OCB mode) 

40 [0357] A liquid crystal display of OCB mode was prepared in the same manner as in Example 20. except that the pro- 
jected direction of the nominal line of the discotic plane of the optical anisotropic layer and the slow axis of the cellulose 
ester support was so adjusted that the angle between the average projected direction and the slow axis was 45". 
[0358] An image was displayed on the liquid crystal display. As a result, leak of light along an inclined direction was 
decreased while displaying a black image. 

EXAMPLE 25 

(Preparation of liquid crystal display of OCB mode) 

so [0359] A liquid crystal display of OCB mode was prepared in the same manner as in Example 21 , except that the pro- 
jected direction of the nominal line of the discotic plane of the optical anisotropic layer and the slow axis of the cellulose 
ester support was so adjusted that the angle between the average projected direction and the slow axis was 45". 
[0360] An image was displayed on the liquid crystal display. As a result, leak of light along an inclined direction was 
decreased while displaying a black image, 
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EXAMPLE 26 

(Preparation o1 liquid crystal display of VA mode) 

5 [0361] The optical compensatory sheet prepared in Example 18 was attached to one side of a polarizing layer 
(stretched polyvinyl alcohol film doped with iodine). A commercially available protective film (TD80U, Fuji Photo Film 
Co., Ltd.) was attached to the other side of the polarizing layer to prepare a polarizing element. 
[0362] A liquid crystal display of VA mode was prepared in the same manner as in Example 1 5, except that the optical 
compensatory sheet was not used and the above-prepared polarizing element was used on one side of the liquid crys- 

10 tal cell (the polarizing element on the other side was not changed). 

[0363] The quality of the displayed image was the same as the quality in Example 15. 

EXAMPLE 27 

15 (Preparation of liquid crystal display of OCB mode) 

[0364] The optical compensatory sheet prepared in Example 20 was attached to one side of a polarizing layer 
(stretched polyvinyl alcohol film doped with iodine). A commercially available protective film (TD80U, Fuji Photo Film 
Co., Ltd.) was attached to the other side of the polarizing layer to prepare a polarizing element. 
20 [0365] A liquid crystal display of OCB mode was prepared in the same manner as in Example 16, except that the opti- 
cal compensatory sheet was not used and the above- prepared polarizing element was used on one side of the liquid 
crystal cell (the polarizing element on the other side was not changed). 
[0366] The quality of the displayed image was the same as the quality in Example 16. 

25 EXAMPLE 28 

(Preparation of liquid crystal display of HAN mode) 

[0367] A liquid crystal display of HAN mode was prepared in the same manner as in Example 1 7, except that the opti- 
30 cal compensatory sheet was not used and the above-prepared polarizing element was used the display side of the liq- 
uid crystal cell. 

[0368] The quality of the displayed image was the same as the quality in Example 17. 
Claims 

35 

1 . An optical compensatory sheet comprising a cellulose ester support and an optically anisotropic layer containing a 
discotic liquid crystal molecule, wherein the cellulose ester support has a Rth^^*^ retardation value defined by the 
following formula in the range of 70 to 400 nm: 

40 Rth^*^ = [{(nx+ny)/2}-nz]xd 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; nz 
is the principal refractive index measured by light of 550 nm along the thickness direction of the support; and d is 
the thickness of the support. 

45 

2. The optical compensatory sheet as defined in claim 1 , wherein the cellulose ester support has a Re^^ retardation 
value defined by the following formula in the range of 20 to 300 nm: 

Re = |nx-ny|xd 

50 

in which each of nx and ny is the principal refractive index measured by light of 550 nm in plane of the support; and 
d is the thickness of the support. 

3. The optical compensatory sheet as defined in claim 1 , wherein the cellulose ester is cellulose acetate. 

55 

4. The optical compensatory sheet as defined in claim 3, wherein the cellulose acetate has an acetic acid content in 
the range of 55.0 to 58.0%. 
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The optical compensatory sheet as defined in claim 1 , wherein the cellulose ester support contains a compound 
having at least two aromatic rings in an amount of 0.3 to 20 weight parts based on 1 00 weight parts of the cellulose 
ester. 

The optical conpensatory sheet as defined in claim 5, wherein the compound has a molecular structure that does 
not cause a steric hindrance of the configuration between the two aromatic rings. 

The optical compensatory sheet as defined in claim 1 . wherein the cellulose ester support has a thickness in the 
range of 40 to 120 ^m 

8. The optical compensatory sheet as defined in claim 1 , wherein the cellulose ester support is formed by a solvent 
casting method. 

9. A liquid crystal display comprising a liquid crystal cell, two polarizing elements arranged on both sides of the liquid 
75 crystal cell, and at least one optical compensatory sheet arranged between the Tquid crystal cell and at least one 

of the polarizing elements, sari optical compensatory sheet comprising a cellulose ester support and an optically 
anisotropic layer containing a dtscotic liquid crystal molecule, wherein the cellulose ester support has a Rth^^ 
retardation value defined by the tolkMvtng tormula in the range of 70 to 400 nm: 

20 Rth^-[{(nx+ny)/2}-nz]xd 

in which each of nx and ny is th« principal retractive index measured by light of 550 nm in plane of the support; nz 
is the principal refractive mclex measured t>y light of 550 nm along the thickness direction of the support; and d is 
the thickness of the support 

35 

1 0. The liquid crystal display as def med in dajm 9. wherein the optically anisotropic layer is arranged between the liquid 
crystal cell and the cellulose ester si^^port. 

11. The liquid crystal display as defined in claim 10. wherein the cellulose ester support has a Re^° retardation value 
30 defined by the following for nxila in the range of 20 to 300 nm: 

Re^° = Jnx-nylxd 

in which each of nx and ny is the pnncipal refractive index measured by light of 550 nm in plane of the support; and 
35 d is the thickness of the sup)port. 

§ 12. The liquid crystal display as def med in daim 1 1 , wherein the liquid crystal cell is a cell of a vertically aligned mode, 

i ah optically compensatory bend mode or a hybrid aligned nematic mode. 

f 40 
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